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DEFLECTING ARMOR,* 
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The construction of war ships has within the last forty years under- 
gone many changes; among these have been the abandonment of 
sails as a sole means of propulsion, and the substitution of steam as 
the chief motive power, the application of armor as a means of 
defense, and the change from wood to iron as the material of 
construction. During the era of sails the vessels of our navy were 
unexcelled for speed, handiness of movement, gracefulness of form, 
and for all the qualities attainable by vessels propelled by means of 
sails. The advent of steam found the art of building sailing vessels in 
a highly advanced state; the materiel of our navy was probably at 
that time more effective, in proportion to its size, than that of any 
other country. In the introduction of steam our government took a 
leading part, so that at the outbreak of the civil war we had a fair 
proportion of steam vessels, as compared with other nations ; but, un- 
fortunately, a large part of them were of too great draught for the 
service then required. ‘The large screw frigates of the Wabash class, 
the large side-wheel steamers of the Susquehanna class, and the 
sloops of the Hartford and Iroquois classes, were all of too great 
draught to render the most efficient service. The larger vessels 


* The publication of this paper was delayed by request of the author. 
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could only enter one harbor south of Fortress Monroe, that of Port 
Royal, where two of them, the Wabash and Susquehanna, assisted 
by some other lighter vessels, mostly improvised from the merchant 
service, proved the efficiency of steam vessels, armed with shell guns, 
against land batteries, when there was sufficient water to permit them 
to come to close quarters, and keep under way at the same time. If, 
at the outbreak of the rebellion, the government had been in possession 
of fifteen or twenty ships of the double-ender or twin screw classes of 
vessels, of one thousand, or twelve hundred tons displacement, draw- 
ing not more than eleven or twelve feet of water, and armed with the 
shell guns with which Farragut won his victories, it is more than prob- 
able that the duration of the war might have been much contracted, for 
the ports through which supplies were afterwards introduced could at 
that time have been easily captured. The shoal water of the south- 
ern harbors more effectively defended them than the batteries they 
contained, for wherever the depth of water permitted us to bring our 
shell guns to bear at close quarters, the enemy were speedily put to 
flight. Therefore light draught is one of the first essentials for ves- 
sels intended to defend our own coast, or to operate against a foreign 
country. 

Defensive armor for war vessels was first brought into practical use, 
in modern times, by the French during the Crimean war, in an at- 
tack on the Russian forts at Kinburn, October 17, 1855, where three 
floating batteries, armored with four and one half inches iron plates 
were brought into action; one of them, the Devastation, was said to 
have been struck sixty-seven times with shot, with no other result 
than to indent the armor at the most one and a half inches, but ten 
men were killed and wounded by projectiles which entered the ports. 
Previous to this period guns had been made, not to obtain great pen- 
etration, but rather to throw large projectiles at a low velocity, pro- 
ducing a smashing effect, detaching great quantities of splinters from 
the wooden sides, and spreading death and destruction in their flight. 
High velocity, which implies great penetration, was not desired, as 
such projectiles cut clear holes through wooden vessels, and detached 
far less splinters then those endued with less energy. The range of 
these shell guns was then sufficient for the purposes of combat be- 
tween ship and ship: for it would be very difficult to strike an object 
from an unstable platform beyond their effective range; therefore 
long range guns were not made. The French laid the keel of La 
Gloire, the first sea going iron-clad, in 1858 ; in this vessel the entire 
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bull was enveloped in defensive armor of four and one half inches 
thickness; the British followed with the Warrior, armored with the 
same thickness of iron, but, owing to the greater length of the vessel, 
the armor was confined to the central part of the ship. The La Gloire 
constructed with a wooden hull has long since gone to decay, while 
the iron hull of the Warrior with no other repairs than those necessa- 
ry for her preservation, such as painting and scraping, is apparently 
as sound to-day as when she was launched, showing the superiority of 
iron over wood for the construction of ships. 

Neither the Lu Gloire nor the Warrior were launched until 1362, 
when Ericsson’s Monitor astonished the world by her memorable con- 
flict with the Merrimac; presenting the novel sight of two vessels 
armed with the heaviest naval ordnance of the day, discharging their 
projectiles at each other, for a considerable period of time, at very 
close quarters, without either being able to do the other any serious 
injury. In the construction of the Mositor Se designer probably put 
vertical armor at once into the best forin © ‘ble to put it for a 
coast defense vessel; improvements }:. ade in matters of 
minor detail, but the general form of dic type is lentical with the 
original. 

Against the ordnance of the period, vertical armor as applied in the 
monitors was an efficient protection, and it was seen that guns of 
greater penetrating power than those then in existence were necessary 
to pierce it; that the short shell guns of large calibre, throwing pro- 
jectiles at a low velocity, although admirably adapted for conflicts be- 
tween wooden ships, were not suited for this purpose, but that guns 
of increased length in proportion to their calibre, enabling them to 
burn a larger quantity of powder, and throwing elongated projectiles 
at a high velocity, thereby concentrating a great amount of energy to 
overcome the resistance of a small area of armor, was what was re- 
quired. Accordingly such guns were made, and the vertical armor 
was readily penetrated ; the armor was thickened, but guns were made 
which pierced it. 

The conflict between guns and armor has gone on for nearly twenty 
years, with almost unvarying success on the part of the guns; until, 
with the limit of power by no means attained, guns are now made ca- 
pable of piercing three feet of iron armor. The weight of armor now 
easily penetrable is so great that even if the attempt to protect with it 
is confined to special parts, none but the largest vessels can carry it. 
In this state of affairs a resort has been had to iron plates faced 
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with steel, and to piates of pure steel, by which the thickness required 
has been somewhat reduced, but even with compound and steel armor 
the ascendancy of the guns is complete, when the armor is arranged 
vertically. As we have the same materials, iron and steel, out of which 
to make both guns and armor, it may be well to inquire why the victo- 
ry has always been on the side of the guns? The answer is, we have 
endued our guns with a very large time element, while this most im- 
portant factor is almost entirely wanting in vertical armor. 

In speaking of the time element in relation to armor and guns, we 
should remember that in physics no period of time is so minute that 
it may not be still further divided ; measured by the impression on our 
imperfect senses, the times of explosion of nitro-glycerine and gunpow- 
der are of equal duration, but measured by their respective effects, we 
know there is a great difference, and that the time occupied in the 
combustion of gunpowder is of considerable duration when compared 
with the time of explosion of nitro-glycerine. 

Gunpowder is a mere mechanical mixture in which the chemical 
equivalents are heterogeneously mixed and have to be changed from 
the solid to the gaseous state by heat before they acquire the mobility 
to seek their affinities ; its combustion is progressive, one part combin- 
ing and heating the other to the gaseous state that it may likewise 
combine ; but all taking place in a period of time too minute to be ap- 
preciated by our senses. It is this element of time in the combustion 
of gunpowder that gives it its great value as a propelling agent. In 
nitro-glycerine, the explosive action is entirely different; as it is a 
chemical combination in which the molecules are systematically ar- 
ranged side by side with their affinities, with the distance between 
them infinitely minute, ready to clash together instantaneously, with 
terrific energy, on the first vibration, all combining at once. In the ex- 
plosion of gunpowder the combination of the elements is gradual and 
progressive, producing a propelling action by means of an elastic 
pressure ; while the combination of the elements of nitro-glycerine is 
instantaneous, producing an impactive blow. 

If we should charge our guns with nitro-glycerine we would shatter 
them to fragments, as well as the projectiles themselves. These would 
acquire but iittle power, as the explosion is so sudden that no time is 
given the shots to accumulate energy, before the guns are ruptured ; but 
gunpowder, in a comparative sense, burns gradually and progressively, 
imparting iucrements of energy to projectiles the whole distance trav- 
elled from the breech to the muzzle of the gun. Immense energy is 
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imparted to projectiles without injury to the gun, by propelling them 
from the breech to the muzzle thereof by means of an elastic gas at 
as high a pressure as the gun will bear without rupture ; the energy is 
imparted gradually, being accumulated from strains upon successive 
sections of the length of the gun, and stored in the shot during the 
time it is traversing that distance. 

When we fire a shot against a vertical armor plate, we attempt to 
resist this immense energy upon the sharply defined area of the shot 
instantaneously ; or during the time the shot at its high velocity is 
traversing the almost inappreciable distance iron will stretch before 
breaking. This time is infinitesimal, and the action of shot against 
vertical armor is in its time element analogous to the impactive ex- 
plosion of nitro-glycerine. If we cannot use nitro-glycerine to im- 
part energy to projectiles on account of its lack of a time element, 
we should not attempt to resist the enormous energy imparted to 
projectiles, through the time element of slow burning gunpowder, by 
the impactive resistance of vertical armor. By firing a shot against a 
vertical armor-plate we can readily pierce a thickness of armor much 
greater than the sides of the gun from which the shot was fired. 

If, for the sake of theoretical illustration, we take two guns alike, 
and fit in the muzzle of one a piston, gas tight, and confining a high 
pressure of an elastic gas, and if we load the other gun with a charge 
of powder and a shot, and fire the shot directly against the piston, the 
energy of the shot would be gradually absorbed during its passage 
down the bore; the pressure of the gas increasing before it inversely 
as the space occupied—according to the well known law of Marriotte— 
until it is brought gradually to rest and shct out again, without injury 
to the gun fired into: all taking place in a period of time inapprecia- 
ble to our senses, but of considerable duration when compared to the 
period of impact of shot against vertical armor. The operation is 
simply reversing the conditions under which energy was originally 
imparted to the shot; and no greater strain would probably be put on 
the gun fired into, than on the gun from which the shot was fired. 

If we present a rigid, anyielding resistance to projectiles we invite 
destruction to our armor; if we present a yielding, elastic resistance 
we absorb the energy of the shot gradually, without injury to the ar- 
mor, in like manner as it was imparted to it without injury to the gun. 
If a blacksmith were to use an anvil of very light weight, mounted on 
springs, his impactive blows would produce but little effect. 

While serving on the Mississippi river, under Admiral Farragut, 
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during the civil war, the writer observed that shot fired from the bluffs, 
striking the decks of our vessels, were turned from their course by the 
most trifling obstacles, and passed on with apparently undiminished en- 
ergy; at an acute angle the wooden deck itself was sufficient to de- 
flect shot, while great resistance often failed to arrest them by direct 
impact. This led to the observation of the ricochet shot, which is 
simply a shot oscillating between two opposing forces, the upward 
deflecting action of the water's surface and the downward draw of 
gravity ; such a shot on a smooth sea will travel for miles, performing 
many deflections ; the initial energy being absorbed by the resistance 
of the air, the deflections, and the final plunge. From the great dis- 
tance travelled, and the great number of deflections, we may form some 
idea of the small resistance required to deflect shot, as compared 
with that necessary to arrest them by direct impact. 

That a gentle current of air blowing against the side of a shot will 
swerve it from its course, is a fact well known to all riflemen; in this 
case the shot is not deflected by encountering a resistance at its for- 
ward end, but the lateral divergence from a direct line is caused by 
the pressure of the air against its side; the curve described being the 
resultant of the initial energy of the shot and the lateral pressure of 
the air; showing how slight a force will swerve a shot from its course, 
when it acts through a comparatively great period of time ; or, what is 
the same thing, while the shot is traversing a comparatively great 
distance. 

In the Peruvian ram Huascar the armor of the turrets consisted of 
iron five and one half inches thick, except around the ports, where it 
was seven inches in thickness, backed by fourteen inches of teak ; the 
side armor consisted of four and one half inches of iron, backed by four- 
teen inches of teak. The guns used against her were comparatively 
light. All shot striking near right angles to the armor’s surface 
pierced it; all striking at an acute angle glanced off, merely indenting 
the armor. The armor was arranged to resist shot by direct impact 
but the only protection obtained was by deflection. 

The conclusions are :— 

ist, Projectiles from modern guns can pierce the thickest armor 4 
ship can carry, provided they strike at nearly right angles to its surface. 

2nd, Shot striking armor at an acute angle glance harmlessly off, 
merely indenting the armor. 

3d, The more acute the angle of impingement, the less thickness of 
armor required to deflect the shot. 
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4th, Armor is at present arranged vertically to arrest or resist shot 
by direct impact, while the only protection obtained is by deflection. 

5th, It is therefore proposed to arrange the armor at an acute angle, 
to deflect the shot from first intention, and make no attempt to resist 
the irresistible. 

In disposing armor to deflect shot great attention should be paid to 
ita elaeticity—which simply means a time element—for the more grad- 
ually the direction of the shot is changed, by creating an elastic re- 
sistance under them, the less injury the armor will receive. 

Elongated projectiles attain their great penetration by concentrat- 
ing the energy due their great weight and velocity upon the area of 
their cross section. By deflecting armor the ends of such shot can be 
easily turned, so as to present the much greater longitudinal section 
to the armor, which will greatly facilitate deflection. When a shot 
strikes a deflecting surface it makes a spoon shaped dent, the length 
of which indicates a part of the time element of the armor; but as 
the armor is elastic, and yields bodily to the shot, another increment 
of time is added. 

By the use of comparatively light plates of a good quality of low 
steel, disposed at an acute angle, we distribute the impact of the shot 
over a larger surface of armor, gain the mechanical effect of the in- 
clined plane, infuse a further element of time by means of an elastic 
resistance under the shot, thereby deflecting them from the armor’s 
surface, after absorbing only the small portion of energy necessary to 
turn them slightly from their course ; permitting them to pass on and 
expend their remaining energy elsewhere. 

While the action of projectiles against vertical armor is analogous 
in their time element to the impactive explosion of nitro-glycerine, 
their action against the acute deflecting armor described will be analo- 
gous to the more gradual explosion of gua powder, and, with it, as we 
have the same materials out of which to make both armor and guns, 
armor can be made equal in resistance to the power of guns, as the 
armor absorbs but a portion of the energy with which projectiles are 
endued. 

The application of the principle of deflection as a means of defense 
is probably coéval with primitive man. The shields of many tribes of 
savage people of the present day are made of a curved form, that the 
weapons of an enemy may glance from their surfaces; the shields of 
the ancient Roman soldiers were of a similar form ;‘ so that an adver- 
sary’s battle-axe would glance from them, and before it could be raised 
again the short sword from behind the shield had done its work. 

















DEFLECTING ARMOR. 


The application of the principle of deflection to resist naval ord- 
nance is by no means new; an American inventor, Thomas Gregg, 
obtained a patent for an armor-plated vessel, with inclined sides, ag 
early as 1814; this shows a far better appreciation of the require- 
ments of a vessel to resist ordnance than any of the recent construc- 
tions of the great naval powers of Europe. The Confederates made 
use of the principle in all their armored vessels; as did likewise our 
government in many of the gun-boats built for service on the Missis- 
sippi, and other western rivers. But, in all these constructions the 
entire hull was enveloped in defensive armor; amethod which will 
not admit of angles of impingement sufficiently acute to resist modern 
ordnance, without reducing the margin of buoyancy to such a degree 
as would render the vessel liable to sink on the admission of a com- ° 
paratively small amount of water. 

In order to present angles of impingement sufficiently acute to de- 
flect shot, stored with the immense energy imparted by modern guns, 
it is proposed to protect the water line by ene device, and the guns by 
another above it, with a free and unobstructed passage for shot—so 
far as armor is concerned—between the two; as the less resistance 
offered, the less injury received. 

The armor defeading the water line is to consist of an Interior Con- 
vex Deflecting Shield, which is to be secured to the sides of the vessel 
four or five feet below the water line, and to exiend across from side 
to side in the form of an arc of a circle, or come approximate curve; 
rising amidships some two or three feet above the water line, and dip- 
ping at the stem and stern some, six feet, or more, below it. The 
position of this shield, as regards the water line, will vary with the size 
of the vessel, but it is to be of such « form, and to be so placed with 
in the hull, as to present a practically constant angle of impingement 
to a horizontal shot at the water line, in all the positions the vessel 
may assume in rolling and pitching, and that so acute as to make pen- 
etration impossible with a very moderate thickness of armor. As the 
interior shield rises amidships considerably above the water line, it 
protects the vital far side of the vessel, where projectiles at their exit 
do the greatest damage. 

In order to secure the buoyancy and stability of the vessel, it is 
proposed to pack the cellular sides above and below the shield with 
cotton chemically prepared to resist fire, which will by its elasticity 
close up shot holes as fast as made, and thereby prevent the entrance 
of water; and if the space between the convex surface of the shield 
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and the deck above it was divided into water-tight compartments, and 
packed with ship’s stores, put up in metallic canisters of rectangular 
form, so as to stow closely, and to exclude water, the buoyancy and 
stability of the vessel would be still further insured. Or this space 
may be packed with cork or other buoyant substance, so that although 
the vessel above the interiors shield is completely riddled by shot, her 
buo, ancy and stability will remain intact. 

Snot striking the side of an iron or stee] vessel fitted with such an 
interior deflecting shield and with cotton packed sides would make 
a clear-cut hole at their entrance which would be immediately closed 
by the elastic cotton, and, impinging against the shield at an acute 
angle, this shot would be deflected upward and outward, far above 
the water line on the other side. 

It is to the far side of a vessel that projectiles do the greatest damage ; 
shot fired from a distance and striking a vessel near the water line 
would be carried considerably below it on the far side by the curve of 
their trajectory. Projectiles entering the side of a vessel above the 
water line are apt to be deflected downward, by encountering any ob- 
stacle, and make their exit below it on the other side. 

The heavy percussion shell now in use, each one of which is in it- 
self a mine, will do great damage to the far side of a vessel, where 
their exploding cones will doubtless blow out entire sections of pla- 
ting, and admit great volumes of water; while solid shot striking the 
transverse frames will also be apt to displace entire plates from the 
far side below the water line. Against such missiles, the cellular sys- 
tem of construction alone, is entirely inadequate to give protection ; 
but in combination with the interior deflecting shield, complete pro- 
tection for the water line can be obtained, under all ordinary condi- 
tions; but no form of armor can protect a vessel from projectiles 
fired at very close range from guns depressed. 

The deflecting action of the water’s surface, and the fact that elon- 
gated projectiles fired from rifle guns at an elevation strike the water 
butt first and tumble end over end, will protect the near side of a 
vesse, below the water line; while the far side would be most effect- 
ively protected by the interior deflecting shield described. The flat 
trajectory of the projectiles of modern guns will enable them to strike 
a target of a given vertical plane at a great distance, but a target of 
& horizontal plane at a like distance would be very difficult to strike ; 
while curved fire from land batteries will be very effective in defend- 
ing narrow channels against the passage of ships, where the range is 
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known, such fire would be a mere waste of ammunition if the guns 
were on the unstable platform of a ship rolling at sea, and directed 
against another vessel. 

The cellular system of construction, in combination with an under 
water armored deck, situated a foot or two below the water line, with 
water excluding stores packed above it, will not give the same measure of 
protection as the interior shield rising considerably above the water 
line amidships, end thereby protecting the vital far side ; for the heavy 
shell now in use would soon blow out the stores, as well as the side of 
the vessel confining them, and admit great volumes of water. This 
would heel the vessel over so that projectiles would strike the un- 
der surface of the armored deck, and be deflected downward through 
the bottom of the vessel, probably exploding as they went. A flat 
armored deck situated but a short distance below the water line, would 
be liable to receive shot under it as the ship rolled, and, instead of be- 
ing a safeguard, would be « positive source of da~ger—to a vessel 
fitted with it—from the downward deflection of projectiles. With the 
ship’s stores packed in the water-tight compartments above it, the in- 
terior shield practically takes up no more room than its air space, and 
is specially adapted to vessels of light draught, such as we require, 
as it rises considerably above the water line amidships; while the ar- 
mored deck being entirely below the water line, would, in a light 
draught vessel, greatly encroach upon the space necessary for the boil- 
ers and machinery. The interior deflecting shield, with the cotton- 
packed sides, for closing shot-holes, and the water-tight compartments 
above it, stowed with ship’s stores, put up in rectangular metallic can- 
isters to pack closely and exclude water, form a combination of ele- 
ments for the end in view which it would seem difficult to excel. 

It is proposed to protect the guns, and the men to serve them, in 
deflecting turrets, or double convex gun shields, the surfaces of 
which present angles of impingement so acute as to deflect shot with 
comparatively light armor. These deflecting turrets may be support- 
ed above the interior deflecting shield in different ways. One plan, 
illustrated in fig. 1, is to make the deflecting turrets in two parts; 
the lower part is securely attached to the interior shield B, being sup- 
ported above it on a stout central cylindrical colamn C, which should 
be made hollow to admit of the passage of men and ammunition from 
the magazine below the water line; as this column is very short, it 
can easily be made sufficiently stout to resist shot; besides its cylin- 
drical form makes it an excellent deflector. The deflecting turret is 
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also supported on the concentric cylinders, D, D', D*®, D®, made of 
sheet metal, which will render an efficient support but interpose no 
substantial resistance to the passage of projectiles through them ; and 
therefore are not liable to be shot entirely away. 

An intermediate deflecting plate X is placed between the two 
shields to prevent shot from being deflected from one shield against 
the other at a penetrating angle. The lower part of the deflecting 
turret is cut, and the upper part rests on the anti-friction wheels, F, 
F', F*, F’, Figs. 1 and 2, and revolves with its contents on circular 
tracks on the stationary lower part. 

In view of the great length now given to guns to obtain the pene- 
tration required, it is proposed to protect the ends extending beyond 
the deflecting turrets with the euxiliary deflectors W W, Fig. 2, 
which are of convex cross section, made of very heavy sheet metal, 
and secured to the guns by means of bands. If one fourth the weight 
of metal used as armor to pretect guns was put into the guns them - 
selves in a deflecting form, the guns would need no other protection. 

The space between the interior deflecting shield protecting the 
water line, and the deflecting turrets protecting the guns and 
the men to serve them, is to be as free and unobstructed for the pas- 
sage of shot as an adequate support of the deflecting turrets and 
the requirements of a sea-going vessel will permit. As shot follow 
the direction of the least resistance, all the parte of the vessel contig- 
uous to the deflecting surfaces should be made as light and penetrable 
as possible ; so that projectiles are not bound up against the armor 
thereby penetrating it. 

Figs. 3 and 4 illustrate the general plan of a vessel armored with 
the interior deflecting shield, for the protection of the water line, 
and double convex deflecting turrets, for the protection of the guns 
and the men to serve them. The deflecting turrets are here sup- 
ported beneath the interior shield, each on a stout central column or 
spindle C ; which is stepped in a large casting D, resting on the keel- 
son of the vessel. The castings constitute hydraulic presses, and the 
spindles, plungers ; upon these the turrets are supported on hydrostatic 
pressure, which admits of great facility of rotation. The deflecting 
turrets, supported above the interior deflecting shield on four stout 
cylindrical columns, a and b, which revolve with them, one immedi- 
ately under each gun, and one at the breech of each gun, through 
which the ammunition is elevated from the magazine beneath the in- 
terior shield. When the guns are bearing on an enemy, the rear col- 
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umns are behind, and covered by the front ones, and as they are very 
stout, and of cylindrical form, they are excellent deflectors, and there- 
fore could not be shot away. 

The deflecting turrets may be supported above the interior shield 
upon one central cylindrical column, with an aperture through it suffi- 
ciently large to admit of the passage of ammunition and men. These 
supporting columns can easily be made sufliciently strong to resist 
shot, and it is probably the best form of support of the three 
described. Composition anti-friction wheels E, E, Fig. 4, set in the 
edges of the circular hatches through the interior shield give the de- 
flecting turrets an efficient lateral support. 

The interior shield presents a practically constant angle of im- 
pingement to horizontal shot in all the positions the vessel may assume 
in rolling and pitching; while the deflecting turrets will present a 
constantly varying angle as the ship rolls; when, however it is consid- 
ered that the deflecting turrets deflect laterally as well as vertically, 
and that the varying angle is very small, except through the center of 
the turret, the danger of penetration by an increasing angle will be 
found not very great. 

The armor, forming the interior shield, is constructed in two layers, 
plated diagonally to break joints, and secured together by means of 
taper rivets with counter-sunk heads. As great rigidity against shot 
is not desired, but, instead, a certain degree of elasticity, no framing 
will be required to support the interior shield, other than one central 
longitudinal, and the transverse bulkheads, necessary to divide the 
space under it into the desirable number of water-tight compartments. 

The interior shield, extending the length of the vessel and beyond 
the bows to a ram, tied in by the chords of its arc, and supported on 
the longitudinal and transverse bulkheads, in combination with the 
ship’s cellular bottom and sides, forms a ram and a vessel of unpre- 
cedented efficiency and strength. The weight of the interior shield is 
distributed over the vessel in almost direct ratio to the ability of the 
different parts to bear it, and therein differs advantageously from ver- 
tical armor, which throws great stress on special parts, and is a 
source of weakness to a vessel: while the interior shield is an ele- 
ment of immense strength, as it gives a rigidity to a ship which could 
not be vetter attained if the material was disposed for that purpose 
alone. A point which should not be lost sight of is the great eflicien- 
cy of such a ship as a ram; when a vessel is struck which is moving 
across the bows with a high velocity, the wrenching effect is such as 
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few ships built as rams can sustain; but such a vessel as described 
possesses the strength in an eminent degree to resist snch a transverse 
strain. 

At all places where openings are made through the interior shield 
for hatches, smoke pipes, ventilators, etc., the armor should be 
brought up square, or level all around with the highest part of such 
opening, and where the angle has to be made more obtuse, the armor 
should be thickened, as compensation; and all such openings should 
be defended by heavy gratings. The armor around the large circular 
hatch Fig. 4 is squared with the crown of the shield, and thickened 
where the angle above the water line is made more obtuse; this gives 
the interior shield the appearance of having plane sides, which is ow- 
ing to the section being made through the diameter of the hatch ; at all 
other points the shield conforms to the are of a circle, as shown by 
the dotted lines. 

Elongated projectiles fired from rifled guns at an elevation main- 
tain the elevation of the gun in their flight, as the longitudinal axis of 
the shot remains parallel to the axis of the bore of the gun from 
which it was fired. The curve of the trajectory is the resultant of 
two forces—the' initial energy of the shot and gravitation; and the 
latter force acting on each end of the shot alike, it falls bodily ; con- 
sequently, such shot would strike the interior shield in a position fav- 
orable to deflection, as shown by figure 5. 

In order to guard deflecting armor against square headed punching 
shot, which might otherwise penetrate it, it is proposed, if found nec- 
essary, to cover its surface with a system of auxiliary sliding de- 
flectors, made of light sheet metal, and slightly attached by screws, 
or tap bolts, the object being to ride projectiles on them up the con- 
vex surface of the armor. ‘hese sliding deflectors may be of sev- 
eral forms. In Fig. 6, they are represented as beveled on all four 
sides, so as to freely slide over each other; in Fig. 7, they are 
represented like shingles on a roof, only in reverse order; Fig. 8 illus- 
trates sliding deflectors of the same general form as Figure 6, but 
dished, so as to stand off from the armor and leave an interstice. These 
sliding deflectors woule be carried away by shot striking them; but, 
as it is proposed to have no man exposed during action outside the ar- 
mor, no material damage would be done by the upward flight of the 
deflectors, or of projectiles deflected from the interior shield. The 
sliding deflectors represented by Fig. 8, which are dished, and stand 
off from the armor’s surface, would act as stiff springs to projectiles 
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striking them, and would add to the elastic resistance under the shot. 
This would greatly facilitate deflection, by turning the point of the shot 
and bringing it sidewise against the armor, thereby greatly increasing 
the area presented. The more gradual the contact !: ‘ween shot and 
armor the less injury the armor will receive, for it is by the corzenira- 
tion of energy on a small surface that armor is pierced. 

A shot striking one of the dished sliding deflectors, Fig. 8, the 
moments of time and augmenting resistance under it, may be divided 
into four. Ist, time gained and pressure augmented under the shot 
from the first contact until the under surface of the sliding deflector 
is pressed down against the armor. 2nd, time gained and pressure 
augmented under the shot while it is riding on the deflector up the con- 
vex surface of the armor. 3rd, time gained and pressure augmented 
under the shot while the armor is yielding locally to it. 4th, time 
gained and pressure augmented under the shot by the armor yielding 
bodily to ‘it. These increments of time and resistance blend, and 
run into each other, and are too minute to be appreciated by our sens- 
es; but during the period, the center of gravity of the shot describes 
a curve which clears it of the armor’s surface. The length of this 
curve, beginning at the point of first contact and ertding where the 
shot flew off at a tangent, indicates the time element of the armor; 
this may be very short when compared with the length of the gun, but 
as equal increments of energy are not imparted to shot the whole 
length of the bore, the greater portion being imparted at the breech 
end, and as the shot still retains the greater part of its energy after it 
is deflected, it is evident that deflecting armor does not need a very 
great time element. 

The British Admirality have made experiments with deflecting 
armor, with a view of ascertaining the least possible angle at which 
square-headed punching shot would bite, and have found that the best 
Whitworth and Palliser shot under the most favorable circumstances 
could not be made to bite at a less angle than eleven and one half de- 
grees. The square-headed shot are very wild in their flight and there- 
fore not likely to come into general use; but if they are used, the 
sliding deflectors will turn their ends and present their sides to the 
armor, thereby depriving them of their penetrating power. 

In view of the deadly efficiency attained by modern machine guns, 
and, as in future naval warfare the gun ports will doubtless be the tar- 
gets upon which these destructive engines will be directed, it has be- 
come desirable to pass the guns through the armor by the least pos- 
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sible opening. Therefore it is proposed to mount each gun between 
two beams, or girders I, I, Fig. 2, upon which they are to slide back 
and forth on four lugs L, L, made on the gun, or secured to it by 
bands, and extending through slots in the beams. The beams are 
joined together at the breech end of the gun, forming a frame which 
at the muzzle end is attached to the armor by the joints J, J, on a line 
with the passage of the gun through the armor; this admits of eleva- 
tion, depression and recoil, through the smallest possible opening ; so 
that when the gun is run out the armor fits closely around it. 

The guns are to be elevated and depressed by means of the hydraulic 
presses K, K, the rear end of the frame being elevated and depressed 
with the gun, which has no trunnions, the joints J, J, serving instead. 
The recoil of the guns is to be received on the hydraulic recoil presses 
M, M, which also serve to run the gun out to fire, and both in and out, 
whilst exercising. Upon each gun frame there is an attachment ex- 
tending out from the gun for the support of a radius bar, one end of 
which is attached to the frame, the other end being secured to the 
breech block of the gun; when the gun is run out, the radius bar 
pushes the breech block into the gun, ready to fire, and stands at 
right angles to the axis of the bore ; when the gun is run in, the radius 
bar draws the breech block out of the gun ready to reload. The ob- 
ject of this arrangement is to draw the breech block out of the gun 
by means of the recoil. The guns as shown recoil 2 feet 3 inches, 
and the breech block does not commence to open until the gun has 
recoiled a foot. The Krupp breech block draws easily from the gun 
after it is started, and the radius bar will exert great power to start 
the block ; if one of the eyes in the bar is made elliptical, so as to give 
a little play to the bolt, the bar would act with a jerk, which would 
prevent the block sticking fast. 

The guns permit of elevation of ten degrees. The ammunition, 
which for convenience is assumed to bz fixed, is to be elevated from 
the magazine, and pushed into the tilting pipe P, Fig. 4, where it is 
caught by spring catches, the elevator retiring down the tube. The 
pipe P is mounted on trunnions and swings upon a crane. The gun- 
ner then swings the charge by the crane to the rear of the gun, turns 
the pipe over into the horizontal position, as shown by the dotted 
lines, and by a thrust of the hydraulic rammer R, pushes the charge 
into the gun; the gun is then run out, and fired, the radius bar, ac- 
tuated by the recoil, opening the breech for another charge, which has 
by this time been elevated and swung into position in the rear of the 
gun. 
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Deflecting turrets may be made in which the guns are mounted en 
barbette, with the hydraulic and loading gear protected inside. The 
guns are mounted in frames, jointed at their forward ends—similar to 
those previously described,—the frames forming a part of the top of 
the turret, into which the breech ends of the guns are set. This form 
of deflecting turret possesses the advantage of placing the weight 
of armor lower, thereby increasing the stability of the vessel. The 
guns are elevated and depressed by means of hydraulic presses inside 
the turret; and they slide back and forth on lugs, which in this case ; 
are under them ; the recoil is received on a hydraulic press behind the 
forward lug, and under the gun. The same general form of loading 
apparatus and breech movement can be applied as described above, 
the guns being loaded by depressing the breech. 

As the loading apparatus of all the deflecting turrets revolves with 
them, the operations of loading and firing can go on uninterruptedly 
without the necessity-of turning to a loading station after each dis- 
charge, and then having to seek the target again; The loss of much 
valuable time, at a critical period, is by this arrangement avoided. 
With the loading apparatus and automatic breech movement described 
the guns can be loaded and fired with great rapidity; and while a 
heavy armor-clad is damaging the light upper works of a vessel pro- 

. tected with deflecting armor, the latter could with the appliances de- 
scribed, drive shot after shot in rapid succession through her oppo- 
nent’s vertical armor, and by the fragments displaced, transform her 
very means of defense into deadly missiles of destruction. 

As to the material of which to construct the hulls of war vessels 
there can be no Hesitation in regard to the choice, iron or low steel 
being the materials par excellence. Wood as a materia! of construc- 
tion was abandoned by all European nations as early as 1871. In 
the merchant service high authorities assert that the saving in weight 
effected by the change from wood to iron is as great as thirty or 
forty per cent. At the present time no European nation constructs 
war vessels of wood, greater strength being attained with far less 
weight, by the use of iron, and the superiority does not consist in | 
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greater strength alone, but in far greater durability. The wooden 
vessels now in service require extensive repairs after each cruise, cost- 
ing immense sums of money, and requiring considerable periods of 
time, during which the service of the ship is lost to the country. 
But it is not only the loss of the use of the vessel when needed, and 
the excessive cost of repairs which we incur by building them of 
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wood, but every vessel so built carries a useless weight of from thirty 
to forty per cent. of the weight of her hull, which might be applied 
te give her additional powers of offense, defense, and mobility. 

One of the first requisites of a modern war ship is high speed, and 
for this the necessary rigidity of hull cannot be obtained if wood is 
the material used; nor can the cellular system of construction, that 
great safeguard of buoyancy and stability, be applied except in iron 
or steel vessels; besides the stowage capacity of such ships greatly 
exceeds that of wooden vessels. By the use of steel as the material of 
construction the same strength of hull can be obtained with one fifth 
less weight than if iron was the material used. Ex Engineer-in-Chief 
J. W. King, U. S. Navy, says in ** The War Ships and Navies of the 
World,” ‘+ Formerly the greater first cost, and the doubtful character 
of the metal produced, constituted serious objections. Now however 
the manufacturers have placed on the market steel specially adapted 
to ship-building—a metal so mild, as to bend rather than break, in case 
of severe strain, and yet possessing a higher tensile strength than 
wrought iron, and approximating iron in first cost. Such an access of 
ductility and tensile strength is secured by the use of this steel, that 
Lloyds allows a reduction of twenty per cent. in the thickness of 
plating and frames of steel vessels. The plates of this metal are 
much less likely to be weakened by punching closely spaced lines of 
rivet holes, and as they are equally strong crosswise and lengthwise, in- 
stead of having their strength like iron in the direction of the fibre 
only, they are obviously more to be depended on. The absence of 
lamination in stee! plates, and their greater smoothness, are other 
advantages possessed by them over iron.” Greater strength can be 
obtained with from thirty to forty per cent. less weight if iron is used 
to construct the hull than if wood is the material employed, and steel 
gives a further gain of twenty per cent. over iron; therefore steel 
should be the material chosen, but great care should be exercised in its 
selection. [ron and steel are capable of producing vessels—if built 
on the cellular system, of far greater buoyancy than wood; but xo 
matter of what material a ship is constructed, she could not long be 
kept afloat when subjected to the fire of modern ordnance, if her 
water line is not protected with defensive armor. We hear much 
of the buoyant qualities of the old wooden frigates, but if they had 
contended against ordnance like that now in use, their buoyant quali- 
ties would not be so highly rated. 
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Recent experiments made by Herr Krupp at Meppen go to show 
that great penetration can be obtained by guns of comparatively 
small calibre. A gun weighing but 3.9 tons of 6 inch calibre, throw- 
ing a shot of 112 lbs. gave a total energy at the muzzle of 2,170 foot 
tons, and at 2,150 yards of 1,306 foot tons, which it is estimated at 
that distance would pierce twenty inches of armor. Experience has 
proved that in small arms the greatest efficiency is obtained by using 
the smallest calibre that will effect the purpose; by diminishing the 
size of the projectile the number which a man can carry is increased, 
and it is argued that the bullet of the United States standard rifle 
-45 inch calibre will kill a man just as effectually as one of much 
greater size. This being true of small arms, why will not the same 
rule apply to naval ordnance, the object of which is to pierce an ene- 
my’s armor? Great penetration is obtained by increasing the length 
of the gun—in proportion to its calibre—and the size of the powder 
chamber, by which a much greater quantity of powder is burned, 
and a higher velocity imparted to the projectile. 

A gun of 10 inch calibre can be made, firing a shot of 500 lbs., 
which will pierce a far greater thickness of armor than any ship can 
carry ; such being the case it would seem to be unwise to make guns 
of such enormous dimensions as is now being done by some of the 
European nations, throwing projectiles of a ton weight or more. All 
the penetration necessary can be obtained with much less calibre, and 
therefore it would seem to be ood policy to restrict the size of guns” 
to that calibre which will pierce the required thickness of armor, and 
to fire a greater number of shot from guns of less size. 

Guns of such great size of bore are not desirable, from the fact 
that to attain equal strength, with smaller calibres, their proportions 
have to be greatly increased ; besides smaller guns can be operated 
with much greater rapidity. For cruising vessels doubtless guns of 6 
or 8 inch calibre, if made of sufficient lengih, and capacity of powder 
chamber will be found to give all the penetration necessary. In addition 
to heavy guns, for piercing armor, all vessels should be armed with 
heavy machine guns; the larger size discharging percussion shell of 
two inches or more in diameter, and capable at ordinary ranges of 
piercing the side of an unarmored vessel or even light vertical ar- 
mor ; these should be operated by vertical shafting, driven by steam 
power from beneath the interior shield. In large vessels four such 
guns, two large, and two small, could be mounted in one of the de- 
flecting turrets; in the lighter vessels they could be mounted on V 
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shaped deflecting shields, and would be very efficient weapons against 
torpedo boats. 

The deflecting armor proposed possesses the advantage of great 
cheapness and simplicity of construction over the massive vertical ar- 
mor now in use; any ordinary rolling mill being able to furnish the 
comparatively light plating required, and the appliances of any com- 
mon machine or boiler shop serving to fit them together. No enor- 
wously expensive plant of machinery is required to roll and bend the 
heavy plates, and then to plane their edges so as to fit together, as in 
the case with vertical] armor. 

For coast defence I would seggest an armored vessel with a length 
over all of two hundred and fifty three feet, breadth of beam fifty five 
feet, draught of water sixteen feet, displacement four thousand tons, 
grate surface three hundred and eighty square feet. This will give 
a speed of about twelve knots per hour, and the draught will be 
sufficiently light to enable the vessel to enter the principal harbors on 
our coast. Four twenty-two ton breech-loading guns would be car- 
ried in two of the deflecting turrets described. The turrets are ar- 
ranged so that all four guns may be fired directly ahead, three di- 
rectly astern, or all four broadside. Quarters for the officers and 
crew are provided for by two houses on deck. 

The important part which heavy machine guns will take in future na- 
val warfare, will doubtless curtail the usefulness of unarmored ves- 
sels. These guns can be made to throw almost continuous streams 
of small percussion shell capable of piercing the sides of unarmored 
ships, or even light vertical armor, at ordinary ranges, so that it will 
be impossible for life to exist above the water line, on board such ves- 
sels, many minutes after the opening of a combat. Such ordnance 
will make armor a necessity for the protection of the men serving the 
guns; in a like manner the immense power of the heavy guns, firing 
shell terrific in their effects, will necessitate the protection of the wa- 
ter line in order to keep the ship afloat. Heavy machine guns can 
be made effective against an unarmored vessel at any range at which 
the guns of such ship can be advantageously used against armor. 
Unarmored vessels can be built carrying powerful batteries, with en- 
gine power suflicient to make them superior in speed to armored ves- 
sels; but if their gunners can be annihilated, and all parts of the 
ship penetrated by machine gun fire at any range at which her battery 
can be effectively used against armor, of what use is such a vessel for 
fighting purposes? She would possess the speed to chase an enemy 
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down, but would not be able to fight with any chance of success af- 
ter having done so. Commerce destroyers, to enact the role of the 
Alabama, need not be fighting ships, for swift vessels from the mer- 
chant service can readily be converted into men-of-war for such pur- 
poses. 

Invulnerability by means of defensive armor, great offensive power 
in the form of a heavy battery, a high rate of speed by means of 
great engine power, and corresponding coal capacity, and ability to 
turn quickly, are four qualities of the highest importance to a war 
vessel; but it is impossible to combine all these in the highest degree 
in one ship. A high rate of speed is of the greatest importance to 
all vessels protected with deflecting armor, as it is vulnerable to 
plunging shot fired from guns depressed, in the same manner and to 
the same extent as other vessels; and in order to maintain her supe- 
riority the ship should be enabled by greater speed to choose her own 
position. The much less weight of armor required to give an equal 
measure of protection, permits of the engine power to give the speed 
required when contending against vessels armored on the vertical sys- 
tem. Ability to turn quickly to ram, or to ‘avoid being rammed, is 
another important quality; this implies a vessel of considerable 
breadth in proportion to her length, and is incompatible with extreme 
high speed ; but as all the important qualities cannot be combined in 
one ship, it would ‘perhaps in a cruising vessel be advantageous to 
sacrifice handiness to speed, and to gain the necessary displacement 
to carry the required weight of armor and engine power by increased 
length. All vessels except those of the smallest size should be pro- 
pelled by means of twin screws, which will enable them to be manceu- 
vred with facility ; the steering gear of all vessels should be operated 
by means of hydraulic power, and completely protected either by ar- 
mor or water. 

Invulnerability by means of defensive armor, and a high rate of 
speed by means of great engine power can only be attained in vessels 
of considerable size, and for cruising ships of the first class, six thou- 
sand tons displacement would not seem to be too great. Fig 3 repre- 
sents such a vessel, the length of which is two hundred and eighty- 
eight feet, breadth of beam fifty-seven feet; draught of water twenty- 
three feet, grate surface four hundred and fifty square feet, horse power 
four thousand. With a moderate fineness of lines this should give a 
speed of fourteen knots per hour; but the draught of water might be 
reduced, and the necessary displacement obtained by increasing the 
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length, and sufficient power might be added to give a somewhat in- 
creased speed. 

The system of deflecting armor is applicable to all classes of ves- 
sels, light cruisers as well as heavy, but though the former need not be 
so heavily armored as to interfere materially with their speed, it is 
assumed that the water line of all ships should be protected, as well 
as a portion at least of the battery. While the deflecting turrets 
would seem to be the best form of armor for protecting the gunners of 
the larger vessels, the guns of the lighter vessels could be mounted on 
V shaped revolving shields operated through the crown of the interior 
shield, which would give protection to the hydraulic gear and the men 
working the guns. These V shaped deflecting shields could be closed 
at the rear, so as to give protection from small-arm and machine-gun 
fire all round, but they would only give protection from heavy pro- 
jectiles from the direction in which the guns were trained. The guns 
could be kept constantly trained on the enemy, however, and, as it is 
probable that combats will be much more frequent between single ves- 
sels than between a greater number, the shields would give a fair 
measure of protection with a minimum of weight. A class of swift 
cruisers could be built armored with a light interior shield placed rath- 
er low to secure an acute angle of impingement, and armed with a 
battery of light breech-loading guns of great length and large capacity 
of powder chamber, mounted on four or five V shaped shields, placed 
amidships, with the guns operated by hydraulic gear, and capable with 
the appliances described of discharging projectiles of moderate size in 
rapid succession able to pierce the thickest vertical armor. Such ves- 
sels if made of sufficient size could be engined with the power neces- 
sary to attain high speed, with which they could choose their own po- 
sition in combat. Or the guns could be mounted on an open deck 
with a small deflecting shield secured to the breech of each gun suffi- 
cient to shelter the one man necessary to work the hydraulic gear and 
to fire from splinters and machine gun missiles. The guns could be 
trained by means of stout vertical shafts extending from beneath the 
interior shield, which would also serve as conduits for the hydraulic 
power to the recoil and elevating presses. These shields can be made 
very compact and strong, and of such form as will deflect shot coming 
from the direction in which the guns are trained and affording protec- 
tion against all but the heaviest projectiles. 

Besides the larger ships, a class of smaller vessels of not more than 
eight hundred or a thousand tons displacement, drawing not more than 
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ten feet of water, to be used as rams, could be armored with an interior 
shield,which would give them great strength to resist the transverse 
strain to which rams are liable. Such vessels armed with one large 
rifle, mounted on a V shaped shield, would make very efficient rams and 
gunboats for defending a great length of coast; their light draught 
would enable them to enter all ports, and to seek safety in shoal 
water, in event of being pursued by a more powerful adversary. The 
interior shield is specially adapted to these light draught vessels; 
and it qualities arc best displayed in vessels of considerable breadth of 
beam, giving » at steadiness of platform for the guns and great sta- 
bility under sai!. The latter quality may be increased by water ballast 
in the cellular bottom, which also serves to trim the shield for action. 

To avoid foulness of bottom all large cruising ships should be 
sheathed in wood and copper, but for the smaller class of vessels the 
composite system of construction would seem to furnish the requisite 
strength and protection with less weight. 

All vessels should be sparred sufficiently to keep the sea under sail 
alone ; which is a very important consideration in view of a lack of 
coaling stations. In Fig. 3, the sail plan of the vessel is illustrated ; 
the vessel is fitted with tripod masts, intended to be unshackled, and 
lowered on deck on going into action. 

Every vessel should be fitted with a series of pipes leading from the 
different water-tight compartments to the engine room, where they 
should be connected to a large centrifugal pump, placed high up in the 
vessel, so that it would not cease working even if the compartment in 
which it was situated was partly filled with water ; these pipes should al- 
so be connected with the circulating pump of the condenser, by means 
of which any compartment could be pumped out, unless the leak was 
of inordinate amount. Before going into action all the water-tight 
doors in the lower part of the compartments should be closed, and in 
order to communicate with the different compartments under the shield 
without admitting water from one to the other, there should be a gal- 
lery or trank, of sufficient size to admit of the free passage of a man 
through it, extending the length cf the vessel, immediately under the 
interior shield, on one side of the central longitudinal bulkhead, and 
communicating with the upper part of each water-tight compartment, 
by means of water-tight doors. This would enable each water-tight 
compartment to be entered for inspection wituout endangering the 
others ; and if the compartments were made air-tight above, as well 
as water-tight below, and a pipe run into each from a compressing air 
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pump, any compartment found to be admitting more water than 
the pumps could free it of, could have air pressure forced into it, 
which would force the water down to the point of entrance. By this 
arrangement a vessel would be kept afloat which would otherwise sink, 
and it would permit of the stoppage of leaks, and the making of 
temporary repairs without docking the ship. 

All large vessels should be provided with a pair of torpedo boats, to 
be used during action, which should be lowered and hoisted by steam 
power; steam power should also be applied to hoisting ashes, and to 
a steam capstan for working the anchors, and to raising and lowering 
the tripod masts. 

The quarters for the officers and crew of war vessels is a matter of 
the greatest importance, for men to perform their duties properly 
should be in perfect health, and a high standard of health cannot be 
maintained when the officers and crew are crowded into the damp, con- 
tracted, ill-ventilated quarters which some of our war vessels present. 
The system of deflecting armor admits of the most commodious 
quarters, as all the space between decks in vessels constructed with a 
high freeboard can be utilized for this purpose, except that occupied 
by the deflecting turrets. As the accommodations will be entirely 
above the water line, they will be much dryer than those of vessels 
where they are partly submerged. The height above the water line 
will also permit each apartment to have a Jarge port for the admission 
of light and air; the two most important factors of life and health. 

In designing war ships these facts should be recognized ;—that ver- 
tical armor has been tried, and found wanting; that the cause of its 
failure to afford protection is its lack of a time element equal to that 
of the guns used against it; that deflecting armor possesses a time 
element sufficient to resist the power of guns; that as it is only 
necessary to absorb a portion of the energy of shot to deflect them, 
and as we have the same material out of which to make both armor 
and guns, armor can be made equal in resistance to the power of the 
guns used against it by giving it an equal time element ; that, in order 
to acquire the great penetrating power needed, guns have to be made of 
great length, which will require the adoption of the breech loading 
system ; that the day has gone by when victories could be won by 
ships with their decks crowded with men tugging at the tackle of guns ; 
that in working guns human muscle cannot compete with hydraulic 
power; that by the aid of hydraulic power one man can more effect- 
ively handle a gun, than any number could by the old method ; that a 
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few guns of moderate calibre, capable of piercing vertical armor, with 
appliances for working them with great rapidity, with their hydraulic 
gear and gunners efliciently protected by deflecting armor, is a far 
more effective battery than one of slow working monster guns, firing 
ponderous projectiles of no greater penetrating power; and that a 
battery so protected will be more effective than a much larger battery 
of similar guns unprotected, or not so well protected ; that with steel 
as the material of construction the same strength can be obtained 
with one half the weight of hull than if wood had been employed ; that 
the stowage capacity of an iron or steel vessel is far greater than that 
of a wooden one; that the strength of hull necessary for high speed 
cannot be obtained with wood ; that vessels to be used as rams require 
great transverse strength which cannot be obtained with wood; that 
the use of wood will not permit of the cellular system of con- 
struction; that constructed on the cellular system vessels of iron 
and steel can be given far more buoyancy and stability than those 
of wood ; that the immense power of modern guns demands the pro- 
tection of the water line of all vessels with defensive armor, and 
in like manner the great efficiency of heavy machine guns demands 
the protection of armor for the men working the battery and greatly 
curtails the usefulness of unarmored ships. 
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Marca 12, 1881. 
Lieut. G. W. Tyzer, U. 8. N., in the chair. 


THE RECENT INVESTIGATIONS OF THE GULF STREAM 
BY THE U. 8S. COAST AND GEODETIC 
STEAMER BLAKE. 

By Commander Joun R. Bartuett, U.S. N. 





I consider it a great honor to be connected in any way with the in- 
vestigation of this great river of the ocean, and it will give me pleas- 
ure to lay before the Naval ‘nstitute any new facts that I have obtain- 
ed, under the direction of Mr. Patterson, the present Superintendent 
of the Coast and Geodetic Survey. 

To the United States Coast Survey, first organized by Mr. Hassler, 
and especially to the systematic examination instituted by Professor 
Bache, are we indebted for most of our knowledge of the Gulf Stream, 
a knowledge which has been of inestimable value to the mariner. The 
investigations begun by Dr. Franklin, and pursued by his descendant 
Professor Bache, have been continued by Prof. Pierce and Mr. Patter- 
son, but by none with more earnestness than by the present Superin- 
tendent, who has the advantage of the more modern and improved in- 
struments. Mr. Patterson kindly gave me permission to use the data 
obtained by the steamer Blake, in preparing my paper. The Coast 
Survey deals only in facts, and the superintendent told me that any 
theories adyauced, must be my own. I shall, however, present you 
the facts and leave you to draw the conclusions, 

The facts obtained by the steamer Blake, regard : depths, temper- 
atures from surface to bottom, character of bottom, specimens of 
water for analysis from surface to bottom, surface and under currents, 
and animal life from surface to bottom, especially at the latter. 

Many of my hearers have probably read more than I on the sub- 
ject of the Gulf Stream, and some have listened to papers by our 
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most learned and scientific men in relation to its origin, course, and 
temperature. A very interesting article appeared in the Galaxy from 
the pen of Dr. Hayes. Every one has read Lieutenant Maury’s en- 
tertaining chapter on the Gulf Stream, in his “Physical Geography of 
the Sea”; but his theory of its source is generally disputed. He says 
the brine of the oceau is the lye of the earth, and that from it the 
sea derives dynamical power and its currents their main strength, 
He traces all ocean currents to differences in specific gravity. 

It is its source of which I wish first to speak, in order to lead up 
to the point at which I hope to be able to give some new data, I 
will not enter into a lengthened discussion, but I wish to assume that 
the equatorial current is the source of ‘the Gulf Stream, and I only 
quote a few words from the best authorities ou the subject. 

Sir John Herschel says: “ The dynamics of the Gulf Stream have 
of late, in the work of Lieutenant Maury, been made the subject of 
much (we cannot but think misplaced) wonder, as if there could be 
any possible ground for doubting that it owes its origin entirely to the 
trade winds,” 

Sir C. Wyville Thompson has some very interesting remarks on the 
Gulf Stream in his recent work, “‘ The Depths of the Sea,” and comes 
to the conclusion that it is the reflux of the great equatorial current. 

Humboldt attributes the origin of this current to the trade winds, 
and lays the first impulse and origin of the Gulf Stream south of the 
Cape of Good Hope. 

There is no doubt about the equatorial current. Columbus wrote 
in his journal: “I regard it as proved that the waters of the sea move 
from east to west as do the heavens.” I would liken this great equa- 
torial current to the heart in the human body, supplying the Gulf 
Stream with fluid as through the arteries, the water finding its way back 
naturally by the polar and colder currents or veins, to its original 
source. This action goes on in the Pacific as well as in our own At 
lantie. The life or moving power is, as Herschel says, the trade winds, 
and this force is derived from the sun. Professor Bache, in his paper 
on the Gulf Stream, says: “The great part which the heat of the sun 
plays in disturbing the equilibrium of the surface of our globe is well 
understood. Wherever he shines upon the surface, the air resiing up 
on it is set in motion, so that the circle of the sun’s illumination, as it 
advances over the earth, is a circle of disturbance.” 

An article in the American Cyclopedia, based on Coast Survey re- 
ports and Professor Bache’s paper, says: “ The equatorial current, 
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that volume of water moving from east to west on our globe, interrup- 
ed by continents, and sending off branches in other directions, again 
to reunite, may be said to commence, or, more properly, reappear on 
the west coast of Africa. The action of the trade winds, which blow 
constantly between the tropics, is the cause of this current, and, with- 
out doubt, its velocity is increased by the rotation of the earth on its 
axis. Flowing on both sides of the equator in longitude 30° W., its 
breadth is estimated at 300 miles. Here it divides, the southern branch 
forming the Brazil current, the remainder flowing on to supply the 
Gulf Stream.” 

It is said to flow through the Caribbean sea to the Gulf of Mexico. 
It will be my purpose to show its course from the time we meet it to 
the eastward of the Windward Islands until it enters the Gulf of 
Mexico at the Yucatan passage. It is said that, at times, the water 
flows through this passage from 27 to 50 miles in 24 hours. Near 
Yucatan, we found it in the month of May flowing at the rate of 
three miles an hour. From this point the course of the current is gen- 
erally described as making the tour of the Gulf of Mexico, or follow- 
ing around its boundary, before passing out at the straits of Florida. 
This is disputed now, with, I think, very good reason. The investiga- 
tions made by the Coast Survey carry the current passing through the 
Yucatan passage well to the northward, were the waters are banked 
up by the pressure, and thus form a head or reservoir for the current, 
which flows from a point south of the mouth of the Mississippi di- 
rect to the straits of Florida. 

South of Tortugas, the stream flows to the eastward, gradually in- 
creasing its velocity as it moves on. Opposite Havana, where its 
breadth is about 70 miles, its average rate is said to be two miles an 
hour in the centre, decreasing on each side ; northwest from Elbow 
Key, where its breadth is about 47 miles, the set, in the centre, is said 
to be northeast three miles an hour, with an increased rate toward the 
Florida reefs. The stream now bends to the northward, and, in the 
straits between Cape Florida and the Bemini Islands, its velocity is 
said to vary from one-half mile to even five miles an hour. This is 
the narrowest part of the stream, and I find it stated that its maxi- 
mum temperature is 85°. The season of the year when it reaches this 
maximum is not given. I will speak of this part of the stream later 
on, and will mention the date when giving temperatures or currents 
observed by the Blake. 

. In November, 1878, I was ordered to report to the Secretary of the 

















28 “QULF STREAM. 


Treasury for duty on the Coast and Geodetic Survey, and was assigned 
by Mr. Patterson, the superintendent of that service, to the command 
of the steamer Blake. My instructions for the first season’s work, after 
the dredging for Mr. Agassiz had been completed, were as follows : 

“ You will please take soundings in the passages between all the is- 
lands from Trinidad to Cuba, not already sufficiently sounded, for the 
purpose of determining the ridge of least depth of water traversing 
these passages. Temperatures from surface to a depth of 100 fathoms, 
and at the bottom, should be obtained as often as opportunities offer, 
and serial temperatures, from surface to bottom, between the islands 
and on each side of the shoalest ridge.” 

It will be seen by these instructions that it was Mr. Patterson’s idea 
to find the amount of water which enters the Caribbean sea between 
the Windward Islands, and, what was more important than anything 
else, to observe carefully the temperature of the water at different 
depths, as these temperatures would give the most interesting data in 
reference to the circulation. 

As Mr. Patterson says in his report: “The discovery by the Chal- 
lenger of submarine lakes whose temperatures are constant to the great- 
est depth with that of the ocean at the depth of their rims, rendered 
it more than ever imperative to determine the depth of the rims sepa- 
rating the waters of the Gulf of Mexico from those of the Caribbean, 
and its waters from those of the Atlantic, both to the eastward and 
westward.” 

As it was very important to connect the fauna of the West Indies 
with the Arctic fauna, and as naval officers are professionaily neither 
naturalists nor geologists, Mr. Patterson sought the services of Mr. 
Alexander Agassiz, who consented to take charge of the special work, 
naming the localities to be dredged over, and taking care of the life 
obtained. Professor Agassiz joined the Blake with an assistant, and 
the first part of the season’s work, until March 10, 1879, was occupied 
in dredging and trawling under the lee of the Windward Islands. 
We met with great success in this very interesting work ; but this part 
belongs more especially to Professor Agassiz, who will, in due time, 
present a popular account of the results of his labors. The working 
of the dredge and trawl was done by the officers and crew under my 
command. 

Besides dredging under the lee of the islands, we made a number of 
soundings and hauls to the southward of Grenada, enough to develop 
the channel between that island and Trinidad. The greatest depth was 
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421 fathoms in a channel 30 miles wide; temperature at bottom, 41}°* 
We were here the latter part of February, and found the current very 
strong to the westward. It is stated by a number of authorities, and 
published as the observation of the English surveyors, that a strong 
current is felt all along the Spanish Main a few miles from the coast. 

In making the passage from St. Vincent to Barbadoes in the first 
week in March, we experienced a current of about 40 miles in 24 
hours setting to the northward, and from inquiry on board English 
men-of-war and merchant vessels at that time in port, I found they 
had experienced the same northerly current. I crossed this passage 
again, in the latter part of March and in the middle of April, finding 
the same current. 

Our method of finding the ridge connecting any two islands was by 
rupning traverses, or a line of soundings, begun in deep water and 
carried at right angles to a line drawn between the islands. The 
soundings would gradually shoal to a minimum and then increase, 
when a new line of soundings was run across the ridge at such an 
angle as to bring the soundirgs at the shoalest point about four or five 
miles apart. At every sounding the temperature of the surface was ob- 
served, as well as that of the bottom, I have spoken of the passage to 
the southward of Grenada. Our first sounding and temperature work 
was between St. Vincent and St. Lucia. A connecting ridge was found 
between these islands having a greatest depth of 488 fathoms, a bot- 
tom temperature of 414°. ‘The soundings across were 488, 370, 198, 
171, 129, 164 fathoms. 

It will be seen by the contour lines that the water deepened gradual- 
ly to the Atlantic and quite abruptly into the Caribbean sea. Trav- 
erses were run between all the islands as far as the Virgin islands, 
with the following depths; Between St. Lucia and Martinique, 548 
fathoms, temperature 41°; between Martinique and Dominica, 575 
fathoms, temperature 41°; between Dominica and Guadaloupe, 346 
fathoms, temperature 444° ; between Guadaloupe, Antigua and Nevis, 
386 fathoms, temperature 45°; between Anguilla, Sombrero and Ane- 
gada, 1,100 fathoms, temperature 38° on the ridge, but this latter 
sounding was in a canyon, not more than two miles wide, and on each 
side of it were ouly a few hundred fathoms. Between Anegada and 
Sombrero, we found outside of the ridge, a temperature of 38° at 1,346 
fathoms, 374° at 1,643 fathoms, and 363° at 2,558 fathoms. The low- 


* All temperatures are given in degrees Fahrenheit. 
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est temperature that was found inside was between St. Thomas and St. 
Croix, that of 38° in 2,470 fathoms. To the southward of St. Croix, in- 
side of the islands, the temperature of all depths below 800 fathoms 
was 39° to 39)°, and it was only in the deep hole north of St. Croix 
that we found anything lower. It will be seen by the contour lines 
that the deep water was traced in a channel from Anegada passage to 
a line between St. Thomas and the west end of St. Croix. The tem- 
perature at 1,542, 1,517, and 1,508 fathoms, south of Mona passage, 
was only 394°, which would seem to indicate a connecting rim from St, 
Croix to the northward, cutting off the cold water that was found be- 
tween St. Thomas and 5t. Croix. 

In every passage a series of temperatures, or serial, was taken to 
the eastward of the ridge, then directly on the ridge, and again in the 
Caribbean sea The depths for a serial were: surface 2, 10, 25, 50, 75, 
100, 150, 200, 300, and so on at each hundred fathoms. The temper- 
ature at the bottom for the same depth remained constant in the same 
locality ; by comparison, these agreed with the same depth obtained in 
a serial. At Barbadoes, St. Lucia, and Martinique the temperatures 
were at 100 fathoms 564° ; 200 fms., 51°; 300 fms., 45°; 400 fms., 43°; 
500 fms., 413°; 600 fms., 404°; 700 fms., 40°; 800 fms., 294°. 

Just north of Guadaloupe the temperatures suddenly increased, and 
at Montserrat were: 100 fms., 67°; 200 fms., 57°; 300 fms., 48°; 400 
fms., 45°; 500 fms., 42°; 600 fms., 41°; 700 fms., 40°. There was 
a slight increase as we neared the Anegada passage. These tempera- 
tures remained the same to the Mona and Windward passages, and 
were carried through the Western Caribbean. The temperatures iu the 
Windward passage in May were: 100 fins., 68°; 200 fms., 61°; 300 
fins., 53°; 400 fims., 47°; 500 fms., 43°; 600 fms., 41°; 700 fins., 40°; 
800 fms., 394°. The temperatures between Haiti and Jamaica were 
not quite as high. In February, the surface was several degrees lower 
than in May, but the temperatures at 100, 200, and 300 fathoms were 
the same, at the Windward passage. 

Between some of the islands we were five and six days in completing 
the development of the ridge. The trades blew almost a gale during 
the months of January, February, and March, hence it was very 
tedious work, the small vessel of only 320 tons pitching her bows under, 
while the greatest care had to be exercised by the officer in charge of 
the sounding to prevent an accident to the wire. We worked during 
daylight, locating the position of the soundings by bearings taken on 
points of the islands, at night heading to the wind and sea under just 
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enough way to keep in our place, While at work amang these islands 
I wrote to Mr. Patterson: “ The water does not set into the Caribbean 
sea through the passages between the islands to any great extent. The 
trades bank the water against the windward side of the islands, and 
near their ends the current sets strong to the westward, but we did not 
fiud the strong current in mid channel.” 

In the passages between the Windward islands we saw large quanti- 
ties of the sea or gulf-weed. In the latter part of April we had calm 
weather north of Guadaloupe, and I have seen this weed extend for 
miles in lines always pointing north. This was not owing to the wind, 
for at the time I speak of it was a dead calm, but seemed to be caused 
by the current flowing between the islands, which agrees with our ob- 
servations of the direction of the current. Especial!y was this the case 
north of Guadaloupe and near St. Christopher and Saba islands. 
Again, in the Anegada passage I saw the same string of gulf-weed 
stretching in lines to the northward. There was a great deal of gulf- 
weed north of St. Domingo the Ist of May, passing through the 
Windward passage and south of Cuba; but I saw none south of 
Jamaica or over the Pedro and Rosalind banks in the same month, 
nor did I notice the presence of this weed in the latter locality in Jan- 
vary, February, March, and April of 1880. 

I was very much puzzled over a current experienced on the passage 
from Kingston, Jamaica, to St. Thomas, in the latter part of Decem- 
ber, 1879. The trades were very strong from the eastward, but we 
had an easterly current of nearly two knots against wind and sea as 
far as the Mona passage, and a knot to St. Thomas, The captain of 
an English telegraph steamer whom I met at St. Thomas, who had 
been three years in the waters in question, stated that he had always 
found the current setting to the eastward; and I was given the same 
current by a number of English men-of-war, No dates were given. 
It is marked on the chart that the current sets to the eastward during 
the full and change of the moon, North of Guadaloupe, by observa- 
tion and dead reckoninz, we found the current northerly in the latter 
part of April; after leaving Saba island the current was N. N. W., 
about a mile per hour: on our way from St. Christopher to St. Thom- 
as we had a current of one mile per hour setting to the eastward in 
the same month. 

The temperature of the surface water from Barbadoes to the Wind- 
ward passage was from 79° to 80°; in calm weather, in the day-time, 
it would rise as high as 81°. This was from March, at Barbadoes, to 
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May, in the Windward passage. In January, 1880, we found the 
temperature of the surface water in the old Bahama channel and at 
the Windward passage only 76°. This gradually increased, as we 
went to the westward and the season advanced, to 78°, 79°, and 80° 
near the Caymans, in March, and to 81° and even 82°, in May, between 
the Misteriosa bank and the Yucatan passage. Over the Pedro and 
Rosalind banks, and north of the Mosquito coast, it was 79° and 79}°, 
in February and March. 

The bottors obtained in the soundings directly on the ridges was 
generally coral sand and dead coral; on each side, in the deeper water, 
it was pteropod ooze. As I shali speak so often of this ooze, I may as 
well describe it now. After reaching 1 depth of four or five hundred 
fathoms, we always brought up a light brown or coffee-and-milk col- 
ored paste. This paste is formed of innumerable pteropod shells. The 
pteropod belongs to the division of mollusca, and is characterized by 
having broad fleshy wing-like appendages or organs of motion. The 
shell is transparent and very beautiful. This form of life lives at the 
surface, and when the animal dies the shell sinks to the bottom, and 
there decomposes and forms the paste or ooze spoken of. In sifting 
the ooze collected in the trawl, we found a great many whole pteropod 
shells. 

The Mona passage was thoroughly sounded, and the greatest depth 
was found to be only 260 fathoms; the islands of St. Domingo and 
Porto Rico being connected by a plateau of like character with Porto 
Rico. 

It will be seen by the soundings from Grenada northward, that the 
connecting ridges have the same character of mountain and valley as 
the lands which they connect. Between Martinique and Guadaloupe, 
we found a peak in mid channel with only 40 fathoms, deepening on 
all sides to several hundred. 

The bottom in the Mona passage was very hard, and no specimens 
were obtained. The surface of the connecting ridge seemed swept of 
everything. The wind was very strong while we were at work here, 
and the current west of Porio Rico set to the southward near the is- 
land, but at the west side of the passage the current set to the north- 
ward; this was in May. From the Mona Passage soundings were 
taken every 20 miles, on the way to the Windward passage, north of 
St. Domingo. The depth averages over 2,000 fathoms with a bottom 
temperature of 364° to 37°. There was a light easterly breeze here, and 
we found the current to the westward at the rate of 14 knots per hour. 
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A very good profile was made of the ridge connecting Cuba with 
Haiti the first season, and this was verified and many new soundings 
were added last winter. The deepest water on the ridge was less than 800 
fathoms. The temperature at 700 fathoms was 40° ; below 700 fathoms, 
393°; and the same temperature was always found at all depths below 
700 fathoms in the Western Caribbean by the Blake while under my 
command, and by Lieutenant-Commander Sigsbee in the same vessel 
in the Gulf of Mexico. The temperatures outside of the ridge at this 
passage were: 800 fathoms, 39°; 1,000 fathoms, 384°; 1,200 fathoms, 
38°; 1,500 fathoms, 374° ; 2,000 fathoms, 37°. Inside of the ridge the 
temperature was constant at 394° from 750 fathoms to 1,900 fathoms, 
10 miles inside the ridge, and to 3,000 fathoms farther on. The first 
season we were not able to get any specimens on the ridge at the Wind- 
ward passage with the sounding cylinder, except a few small stones. 
The moment we crossed the immediate ridge on either side, the bottom 
was pteropod ooze. Last winter I made two hauls of the dredge in 
700 fathoms directly on the ridge. The dredge brought up a quantity 
of hard coral rock or crust torn from the bottom. It had very much 
the appearance of old mortar, and was similar to the coral rock found 
on the northwestern end of Haiti, this part of the island being of coral 
to the very tops of the mountains. The southwestern end of the island 
is of voleanic formation, and is covered with luxuriant foliage, but at 
St. Ncholas Mole it is barren. The land, as seen from the sea, lies 
in terraces. Barbadoes is of similar formation in terraces to 300 feet 
above the sea, and all coral. 

The second haul of the dredge was near Cape Maysi, still in 700 
fathoms. The same bottom was found, also hundreds of shells of the 
“Scalpellum regium” (a kind of barnacle), which is described by Sir 
C. Wyville Thomson in his “ Voyage of the Challenger.” These shells 
were black and looked very old. 

A few very small sponges and sea-urchins were brought up, but 
everything that could be swept away by a current was wanting. As I 
remarked before, all the ooze brought up, when sifted in water, was 
found to contain many whoie pteropod shells, but my attention was par- 
ticularly drawn to the fact that south of the ridge the ooze contained 
many more whole shells than that obtained to the northward. The 
current must have swept them off the ridge. While sounding between 
Miraporos island and Cay Verde, in 1,400 fathoms, the sounding cylin- 
der came up literally packed with these shells. The current in which 
they were suspended is here retarded by the Bahama banks, and they fall 
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in this eddy ; of course they must be falling everywhere, but here they 
seemed in excess of any other place. The o'd Bahama channel was 
thoroughly sounded by the Blake, the least depth being abreast of 
Paradon light, 284 fathoms; 500 fathoms abreast Lobos Cay light 
(this depth was taken over a sounding marked on the chart 900 
fathoms, no bottom). A great many soundings were taken between 
Jamaica and the south-west end of Haiti, the result being the devel- 
opment of a narrow channel connecting the waters of the main Carib- 
bean with the waters north of Jamaica. This channel runs close to 
Haiti, with a greatest depth of 1,200 fathoms, the bottom temperature 
394°, and a general depth of 1,000 fathoms. The bottom everywhere 
was ooze. South of Navassa we found a large bed of the pteropod 
shells. ‘The course of this channel is northerly along the western end 
of Haiti, where it does not exceed a width of five or six miles, thence 
westerly south of Navassa island, with a tongue to the northward and 
another to the westward between Formigas bank and Jamaica. We 
were here in the latter part of January, spending some ten days. We 
always found the current setting to the eastward, from one-half to one 
knot per hour. We met the English squadron at Port Royal, and I 
examined the logs of various vessels; all had found the same current 
setting to the eastward as far as the Mona passage. Jamaica was con- 
nected by soundings and several temperatures with the Mosquito coast 
via the Pedro and Rosalind bank. The depths between Jamaica and 
the Pedro bank were: from Jamaica, 322, 320, 293. 236, 381 and 447 
fathoms, the temperature of the latter sounding being 444°. My map 
was too small to draw the 500 fathoms curve, but the water to a depth 
of 600 fathoms makes in well to the westward, south of Jamaica. We 
spent eight days under the lee of N. E. Cay waicing for a lull in the 
trades to do the next channel; but it did not come, and we returned to 
Kingston, remaining there two weeks. Two lines only were run be- 
twee the Pedro and Rosalind banks. The depths across were: 440, 
675, 733, 642, 688, 609, 561, 478, 435 and 264 fathoms. The lowest 
bottom temperature was at 733 frethoms, 40°, the others all above 40°. 
I think it very probeble that there is less water wo the eastward of 
where we ran our lines. There was a little more than 200 fathoms in 
the narrow passage west of the Rosalind bank. 

The bottom in the channels was very fine coral sand, not the smooth 
bottom found where there was a strong curret.t. The current during 
February, March, and April did not seem to be setting to the westward 
through these channels, except in the very narrow one west of the Ros- 
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alind bank. Several captains of vessels reported a northerly current 
to the eastward of these banks. To the eastward of Portland Rock, 
the eastern extreme of the Pedro bank, we found a very strong easter- 
ly current in the latter part of February, the trades blowing a gale at 
the time. A line of soundings was run from Santiago de Cuba to the 
east end of Jamaica. and a depth of 3,000 fathoms was found 25 miles 
south of Cuba. Subsequent soundings proved this spot to be the east- 
ern end of an immense deep valley extending from between Cuba and 
Jamaica to the westward, south of the Cayman Islands as far as the 
Bay of Honduras. 

The Cayman Islands und the Misteriosa bank were found to be a 
submarine extension (very steep on its southera slope) of the range run- 
ning along the southeastern side of Cuba. The valley is narrow at its 
eastern end, but widens betweer the western end of Jamaica and Cape 
Cruz, where the soundings were 3,000 fathoms within 15 miles of Cuba, 
and 2,800 fathoms within 25 miles of Jamaica. This valley is 700 
miles lony, with an average breadth of 80 miles. It covers an area of 
over 85,000 square miles, having a depth nowhere less than 2,000 fath- 
oms, except at two or three points which are the summits of submarine 
mountains, and with the greatest depth of 3,428 fathoms. The low 
island of Grand Cayman, which stands scarcely 20 feet out of the sea, 
is really the summit of a mountain 20.568 feet above the bottom of 
this submarine valley, an altitude exceediug that of any mountain on 
the North American continent. Between Misteriosa bank and Chin- 
chorro bank the soundings were regular at 2,500 fathoms. North of 
Misteriosa and Grand Cayman to the Isle of Pines and Cape St. Anto- 
nio, the soundings were generally 2,500 fathoms. The bottom every- 
where in the western Caribbean is pteropod ooze; with a slight mixture 
of coral sand, which has been brought up by the wind and water from 
the islands and keys. 

A wide band of westerly current was found south of the Caymans 
and the Misteriosa bank, turning to the northward at Chinchorro bank, 
and ao following the coast to the Yucatan passage. There was a nar- 
row stream joining this main current from a passage between the Ros- 
alind bank and the Musquito coast, but I did not detect any flow from 
the other passages. North of the Caymans we found very little, if any, 
curreut. There is said to be a current which sets strongly to the east- 
ward south of Cape St. Antonio. 

ThusI have given you a summary of the data obtained by the 
Blake iu as brief a form as possible. 
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The development of the ridges connecting the islands and the deep 
valley in the western Caribbean sea are certainly very interesting, con- 
sidered as physical features, and I think that the temperatures obtain- 
ed at different depths, especially on the ridge at the Windward pas 
sage, together with the currents observed, give us facts enough to lay 
out a possible course for the equatorial current from a point southeast 
of Barbadoes to the Yucatan passage. There is, certainly, a very large 
volume of water pouring through the Windward passage, flowing south 
of Cuba and so on to the Gulf of Mexico; and the temperatures of the 
water at different depths agree at the same season with those found in 
the Gulf of Mexico and the course of the Gulf Stream as I have laid 
it out. 

Where does it get this temperature? It is not warmed in the Gulf 
of Mexico, for the latest theory is that it does not flow around this 
basin. Professor Hilgard, of the Coast Survey, has given a lecture 
quite recently before the Academy of Science, entitled “The Basin of 
the Gulf Stream”, in which he shows that the current merely enters 
the passage at Yucataa to be forced by the head of water to the north- 
ward and westward out through the Florida straits. The currents 
in the Gulf are not connected with the Gulf Stream, and are very 
slow. The temperature is several degrees higher at the same depth at 
the Windward passage than at the Barbadoes and from Trinidad to 
Guadaloupe. The comparison of these temperatures is made from 
observations taken at both places in the months of January and Feb- 
ruary. The temperature below 800 fathoms in the western Caribbean 
and Gulf of Mexico could only enter over the rim at the Windward 
passage and between Haiti and Jamaica; but at the latter point there 
is no current setting that way ; in fact, the pteropod shel!s showed an 
eddy. 

I suggest that the water of the Gulf Stream is warmed in the main 
Caribbean, and that there is a possible current flowing around the 
entire boundary. The equatorial current striking against South 
America is deflected north, and when it reaches the island of Tobago 
all that can flow between this island and the main land and south of 
Grenada does so. This current is said to be felt along the Spanish 
Main. The greater part of the equatorial current, however, is deflect- 
ed north between Barbadoes and the Grenadines, finding its way to 
the westward whenever it meets a passage. Passing through, it would 
naturally be driven towards the Spanish Main by the trade winds, and 
thus bank up in the southwestern corner. While working between 
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the islands south of Guadaloupe, we were falways well to windward 
during the night and therefore felt the northerly set which I wrote of 
to Mr. Patterson, but north of Guadaloupe, in April, we had compar- 
atively calm weather, and here the current came from the westward, 
and above Saba island was flowing as if to follow around the Virgin 
islands. Afte: turning these, it would be helped along towards the 
Windward passage by the northeast trades. 

As stated, the temperature to 400 fathoms suddenly increased, as 
we passed north of Guadaloupe. Cou!d not this be accounted for by 
the equatorial current having made the circuit of the main Caribbean 
and been warmed on its passage over shoals and banks, after traveling 
nearly 3,000 mile: ? The current said to flow along the Spanish Main 
would be deflected north by the Isthmus. and keep on following inside, 
or to the eastward of the banks connecting Jamaica with the main 
land, and so south of St. Domingo, to pass out through the Mona pas- 
sage and the Anegada passage, to flow along north of Porto Rico and 
St. Domingo to the Windward passage. We found a current in the 
latter part of April flowing north through the Mona passage and join- 
ing the current to the westward. Of course we must have many more 
facts to substantiate any such theory as I have given. The tempera- 
ture of the water at different depths must be observed to the eastward 
of the Anegada passage and over the main Caribbean ; and these tem- 
peratures must be taken in the same season at the different localities. 
I will not occupy your attention any longer here, but you can deduce 
your own theories from the facts given. The contour lines drawn on 
the map, with the exception of those along the coast of South Ameri- 
ca, are from the soundings of the Blake. The 100 fathoms curve, is 
from the United States and English surveys. 

Last summer during several weeks the Blake was employed entirely 
on a dredging cruise, extending from a point off Charleston, S. C., to 
the Georges banks. Professor Agassiz accompanied the vessel, and 
named localities for dredging and cared for the life obtained. We had 
dredged off Charleston in 100 fathoms, then in 200 fathoms. Mr. 
Agassiz wanted 400 fathoms for the next haul. We steamed to the 
eastward, but instead of finding deeper water it shoaled. The sound- 
ings across the stream were as follows: 142, 198, 225, 217, 236, 229, 
258, 334, 382. 364, 337 fathoms. 

The next point for dredging was off Cape Hatteras. To reach this 
point, I kept in the imaginary axis of the stream as marked on the 
chart, and sounded every five miles, with the following depths: 257, 
291, 274, 288, 265, 262, 257, 247, 233, 246, 267, 288, 310, 338, 362, 
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400. 457, 892, 1,386, the above from lat. 32° 00’ N. to lat. 33° 30’ N, 

These soundings were announced in the newspapers as the discovery 
of a plateau extending from the Carolinas to the Bahamas. This pla 
teau was known at the Coast Survey office. Professor Bache spoke: of 
it as long ago as 1856. He stated: “The discovery has been made that 
soundings can be carried nearly across the Charleston section of the 
Gulf Stream, and that after losing them on this section for a short dig- 
tance, they were reached beyond the axis of the stream, as resulting 
from the observations of Lieutenants Maffit and Craven, U.S. N., As 
sistants in the Coast Survey.” He says: ‘‘ The bottom of the sea slopes 
gradually in this section for some 50 miles, reaching a depth of about 
20 fathoms; then more rapidly to above 65 miles and the depth of 100 
fathoms, and suddenly falling off to a depth greater than 600 fathoms; 
at about 100 miles from the shore, where the depth is 300 fathoms, a 
ridge with a very deep slope on the inshore side, and a little less to sea 
ward, occuring 1,500 feet above the hollow to seaward of it, and dis 
tant about 12 miles from it. A second rise of 500 feet, on a base of 12 
miles, followed by a depression of 300 feet on a base of 15 miles, and 
then by a gentle slope upwards, It is altogether probable that all the 
depths found by observation are greater than the actual ones, but the 
bottom was brought up in several cases, showing that the lead had 
reached it. It is most probable that the proportions are not far from 
correct.” 

It will be seen how difficult it was to obtain the depth with the old 
methods. The soundings over this section were reduced one half by 
the Blake, and at this rate the temperatures taken can hardly be relied 
upon. We were 2 little more than two minutes taking these sound- 
ings, and always brought up a specimen of the bottom. The tem- 
peratures that I find in the diagram of Prof. Bache are not as low as 
those of the Blake, although we had less water. The seascn was the 
same—in July. The temperature of 57° was found at 350 fathoms, and 
also at 600 fathoms, by Craven and Maffit. The thermometer proba- 
bly never reached the bottom. We found a temperature of 45° to 46° 
from 300 to 380 fathoms. The bottom off Charleston was coarse grey 
sand, black specks, broken shells to 100 fathoms; then fine green sand 
and black specks, then came coral sand, broken shells, and pteropod 
shells. As we came more into the stream, the bottom was washed bare, 
but the cylinder brought up small pieces of coral rock and coral sand. 
Mr. Agassiz has reported on the life obtained. 

As we came north along the Gulf Stream and the water deepened, 
globerigina ooze began to appear in the bottom specimens. The investi- 
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gation of the Gulf Stream off Florida and as far as Hatteras, will be 
renewed by the Blake in the spring. The temperature of the water off 
the Georges bank in 300 fathoms was 40°. Other soundings and tem- 
peratures that we took last summer are interesting, but I must close 
my remarks, as I wish to speak of the methods of obtaining the results 
given you this evening. Some of my hearers have probably seen Lt.- 
Comdr. Sigsbee’s very interesting and instructive book, issued by the 
Coast Survey, on deep sea soundings. I wish all interested in this sub- 
ject could read it. Lt.-Comdr. Sigsbee was in command of the Blake 
for four years, and sounded the whole of the Gulf of Mexico, making 
the necessary examination into its physical conditions. Most of our 
apparatus was either invented by this officer, or are improvements on 
known methods. 

The Blake is a small steamer of 350 tons, belonging to the Coast Sur- 
vey. She is manned by eight officers and 38 men, and is fitted express- 
ly for deep sea sounding and dredging. It has been my good fortune 
to have associated with me on this duty, officers who have rivaled me 
in their interest in the work. The great work done by the Blake bears 
testimony to their earnestness, and the records to their care and preci- 
sion. 


Tae CuarrmMan: I have listened with much interest to the paper 
which has just been read, and I am sure that all will join me in ex- 
tending thanks to Comr. Bartlett for giving us the results of his labors 
in this. very interesting form. 

Those of us who have had occasion to sail along the south coast of 
San Domingo have noticed the easterly set which has been mentioned 
by the lecturer. His explanation of it is naturally suggested by the 
form and position of the shoals in the western Caribbean, and is prob- 
ably the true one. 

While it is doubtless true that the bulk of the equatorial current 
sweeps north through the Yucatan Passage, I do not think that Comr. 
Bartlett means to assert that the whole of it does so. I think it is 
equally unquestionable that part of the current is deflected across the 
Campeche Bank, and thence along the coast of Mexico. Of course, 
the furce of this current varies with the wind and season, but I do not 
think 13 to 2 knots at all unusual, particularly across the Banks. 

Iam glad to know that it is the intention of Comr. Bartiett to fur- 
nish the Institute with another paper, to embody the results of the next 

season’s work. I think we may anticipate from the coming investiga- 
tions, discoveries that will be even more valuable and interesting than 
those which we have had the pleasure of hearing about this evening. 








Soe ae ne 


Tn oma 
8p ere mage Rieti 


ae 



































& X 


S/GSBEE OEE r 





“ GRAND CAYMAN 
: b=) 








MISTERIOSA 


BARTLETT DEEP 


ROs 
42 
v4 


K 
t peoko BAN 





‘ 


\ 





“Svo 3 o11N90SOW 


rFACIiFéc OCEAN 













































AYMAN 


bn) * 4 
RQ 
7 MISTERIOSA ’ oe 


BARTLETT DEEP earnings 
; ‘ AMAI . 
/ i tym Sia 


4 NK 
4 PEDRO BA 


‘ 


\ 
Ss 
Ss 






HONDURAS 


4Svo2 o11n0s0"% 
\ 


° oO. 
% 


( 






















= 65° 60 





CHART OF THE 


GULF OF MEXICO 


AND | 





CARIBBEAN SEA | 


Les ccept in the main Caribbean Sea trom Fedro Bank 
oe om soundings taken ur steamer Blake under ie direction. of 


Superimtendent, by Lt Comdr C.D Sigshee and Comdr J } 


SN. Assistants Coast and Geodetic Survey | 

. | 

] 

itta fat 2 i 

J 

77 

ya "=, iGUUd ud mn 
: 3 2 eUUt 

| 
> f 

‘ | 


a 


. ae < 
- ne Ss 
» mci wn 2 
- = ; S 
St TROL . ?¢ g 


b fp ANTIGUA 
, | 
& 
| 


AR. ft BP Caw Sunonvour tia 


° 
a rN 
= 


~ 
\ -9 
\ * , —15 


Q" ART IQUE 
\ 
— : | 


ST. it “8 


) 
ST VINCENT. 








S? 





iF | BARBADOES 


- 
= 


& ¢ 


ry Ry » ee i 4] GRE NADA 











f 











JULIUS BIEN PHOTO LITH NEW YORK 

















 s 3° 2 = = ne 
wa pwn alia SS a an OT Ee 


Ss Sean eege > mgm ET 














PRIZE ESSAY. 


1881. 

















BuREAU OF ORDNANCE, NAVY DEPARTMENT, 
WASHINGTON, Marcu 8, 1881 


Lieut. Cuartes Bectxnap, U.S. N., 
Secretary U. S. Naval Institute. 
Sr :— 

We have carefully perused the four essays sent in competition for 
the annual prize offered by the U. S. Naval Institute, for 1881, and we con- 
sider that the essay bearing the r otto, *“‘ Aut Cesar, aut nullus" should be 
classed first in order of merit. 

Very respectfully, 
WituraMm N. Jerrers, Commodore, U. 8S. N. 
JouHN LENTHALL, Chief Constructor, U.S. N, 


Navy Yarp, Boston, Fesruary 7, 1881. 
Dear Sir :— 

In compliance with the request of the Executive Committee of 
the Naval Institate, conveyed in your letter of Nov. 15, 1880, I have ex- 
amined the essays, four in number, received in competition for the prize of 
1881, and have to report my opinion of their merit in order as follows :— 

Ist. ‘* In via virtute, via nulla.” 
2nd. “ Fors clavigera.” 

3d. “* Aut Carsar, aut nullus.” 
4th. **Pro patria.” 


I beg to add that neither of the essays embraces a complete plan with 
proper drawings, dimensions and descriptions of ** The Type of (1) Armor- 
ed Vessel, (II) Cruiser Best Suited to the Present Needs of the United 
States”, with reasons assigned why the types should be adopted. In fact, 
the largest share of each of the essays is taken up with matter foreign to 
the subject of the prize essay. 

Yours truly, 
J. ‘VW. Kino, Chief Engineer, U.S. N. 


Lieut. C. Belknap, 
Secretary Naval Institute, 
Annapolis, Maryland. 














THE TYPE OF (1) ARMORED VESSEL, (II) CRUISER, 
BEST SUITED TO THE PRESENT NEEDS OF THE 
UNITED STATES. 

By Lieut. E. W. Very, U.S. N. 


‘© Aut Cesar, aut nullus.” 


In the treatment of the subject proposed for competition, there are 
two radically different courses that may be pursued. By the first, 
which may not inaptly be termed the method of induction, a type of 
vessel may be selected which shall show the development of some 
one or mere excellencies to an extreme; and, having fully worked out 
all the details of its constructional points, it becomes an easy matter 
to cite individual instances involving different combinations of attack 
and defence that shall prove this type to be the one best suited to the 
needs of the country. This is the method that is most generally 
adopted either by those who give but a casual attention to the subject 
or by those who, having at some time past become especially attracted 
by certain elements of naval strength, have from force of constant 
thinking and argument come to treat them as hobbies to be applied 
everywhere and under all circumstances. It is from following this 
method that we find devotees of an exclusive type of ram, torpedo 
vessel, gun boat, or heavy armored defence vessel. 

The second method, or the one of deduction, is the one which the 
writer proposes to follow. It is proposed in what follows, Ist, to de- 
termine what the necessities are calling for the use of a navy, 2nd, 
to determine the importance of, and amount of variation in, the ser- 
vices required of vessels in the fulfilment of the demands of these 
necessities, 3rd, to determine what types amongst those represented 
in different navies may be safely excluded from consideration on ac- 
count of the lack of probability of an urgent necessity arising for their 
use, 4th, to select from the remaining types the ones best calculated 
to deal with the necessities which will either certainly or most proba- 
bly arise, 5th, to describe in detail the modifications which these most 
probable necessities demand. It is considered that this is the true 
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method of determining the types of vessels best suited to the needs 
of the country. 

The types of naval vessels best suited to the needs of any maritime 
nation are those which are best adapted to fulfil the services that such 
vessels will be called upon to perform; the character of the servie<s, 
depending upon the circumstances most liable to occur giving tise to 
necessities for a navy. 

Before, therefore, any just rules can be laid down for guidance in 
the establishment of architectural types, a thorough examination must 
first be made into the different conditions of international intercourse 
giving rise to necessities for a navy. The circumstances governing 
the occurrence of these necessities being known, it is then necessary 
to examine into the probabilities of their occurrence in the case of the 
particular nation under consideration as determined by the geograph- 
ical and political situations of the country ; for upon these probabili- 
ties depend the importance of, and the amount of variation in, the 
character of the services required ; the former quality determining the 
power of the standing navy both as a whole and as regards individual 
vessels, and the latter determining the limitations in type. 

The circumstances which may occur giving rise to necessities for a 
navy are common to all maritime nations from the nature of commer- 
cial intercourse and international responsibilities, and it is by no 
means rare to find the possibility of the occurrence of one or more of 
them, in some especial contingency, quoted as a sufficient reason for 
the development of a particular type of vessels. If this be a true 
method of determination then obviously all the possible necessities 
must be provided for. An examination of all the necessities will show 
however that the existence of some calls for a force of superior 
strength to that of another nation, and since the necessities are com- 
mon to all, this method leads to a striving after the impossible. 

The truth of this argument is clearly demonstrated in considering 
the development of the French iron-clad fleet under the second empire 
with the result obtained. This fleet was developed with the sole view 
of attaining a superiority of sea-going strength over Great Britain, and 
consequently over every. other nation ; as is made manifest by the dis- 
cussions of the French naval budgets of 1855—70. The probability of 
the occurrence of a war with Prussia was, for several years, much 
greater than that of a war with Great Britain, and when it came, the 
powerful French iron-clad fleet proved utterly unfit for the main nec- 
essity that arose for its use, namely, the blockade of Prussian sea- 
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ports. The great draught of the iron-clads and the expense of keep- 
ing them in their stations made them useless for the purpose. It is 
therefore the certainity or the great probability of the occurrence of 
one or more of these necessities that must truly determine the proper 
type of development. 

Nations are guided in their intercourse with each other in accordance 
with the conditions imposed by a state of war or peace. According 
to the existence of these conditions any single nation is with respect 
to another, a belligerent, an ally, a neutral, or in a state of perfect 
amity; each condition giving rise to duties and necessities peculiar to 
itself. F 

The necessities which may arise in any maritime country for a navy, 
growing out of a condition of a belligerent may be classified as follows : 
Ist, the defence of seaports and the mouths of rivers and bays; 
2nd, the prevention of a blockade of these ports and rivers, or the 
breaking up of a blockade already established; 3rd, the protection 
of national commerce; 4th, the breaking up of the enemy’s com- 
merce; 5th, the crippling of the enemy’s naval force; 6th, the 
blockading of an enemy’s ports; 7th, the transportation and convoy 
of land forces and the assistance of armies landed in an enemy’s coun- 
ity. 

From an examination of these necessities, with the view of ascer- 
taining the probability of their occurrence in the case of a war in which 
the United States is concerned, it is found that the services of naval 
vessels in protecting national commerce will inevitably be required, for 
the following reasons. An attack on the commerce of a nation is one 
of the most effective measures to be employed in war, since it inflicts 
a great injury by the use of a small force. The magnitude of the in- 
jury does not depend simply on the amount of commerce actually cap- 
tured or sunk, but upon the total value of that branch of industry and 
the power of the government to give it efficient protection. Since the 
United States possesses a commerce of constantly increasing impor- 
tance, and since its nature deprives it of the property of self-protec- 
tion, a navy becomes necessary. That this need will arise in the case 
of a war with a nation possessed of a navy is certain, but to be inevit- 
able it must apply to all cases. The condition of United States com- 
merce at the close of the civil war demonstrates what can be done by 
& belligerent without a navy. Its ruin was complete although at the 
outset the enemy possessed no sea-going navy, and throughout the war 
his seaports were closely blockaded ; indeed the injury was mainly due 
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to the devastations of a vessel that, during her entire life time of four 
years, never entered a southern port. [rom this example it may be 
safely inferred that under rny circumstances of war United States 
commerce will be attacked and therefore will need a defence. 

The necessity for crippling the ene:ny’s naval force is co-existent with 
the necessity for protecting commerce and this reason alone is snff- 
cient to establish the certainty of its occurrence. The necessity for 
breaking up an enemy’s commerce may, in the case of the United 
States, be considered a certainiy, for the following reasons. in a war 
with Great Britain or France possessing powerful fleets that may act 
offensively on our coasts from bases nof far distant, attacks on this 
very import:.nt commerce become a necessity, not only to deprive them 
of # source of income and channel of supply, but, what is of more 
vital importance, to divert fleets from offensive to defensive operatiors, 
In case of war with ~early «very other nation the distance of the covn- 
tries from each other precluding iand operations renders attacks on 
commerce the main method of carrying on a war. 

There are two classes of necessities tha: may arise calling for a na- 
val defence of seaports and bays: Ist, those resulting fro u regular at- 
tacks by a strong force of the eremy, having for an object the destrus- 
tion of the lana and water defences, the capture of a seaport, or the 
establishment of a landing point for troops; 2nd, those arisirg from 
the dashes cf single cruisers into weakly defended ports for the object 
of dest-oying com.nerce and supply depots or for obtaining fresh sap- 
plies of provisions and fuel. The great distance of United Siates 
coast ports from an enemy’s base of action renders the probability of 
the occurrence of the first class of but slight maynitude except in so 
far as a war with England, France or Spain is concerned. But this 
same reason, together with the immense extent and vulnerability of the 
coast, renders the liability very zreat with regard to the occurrence of 
he second. Rapid cruisers, engaged i): assaults on United States 
commerce, and hampered »y the laws of neutraiiiy from getting sup- 
plies in foreign ports near the United States, will undoibtedly m 
great risks in making dashes into weakly cefended ports in order to re 
new supplies. That such actions will take place in a war with any na- 
tion cannot be established as certain, but the fact that they are of com- 
mon occurrence in maritime warfare renders the general probability of 
sufficient magnitude to call for serious attention. 

The probability of a blockade of United States ports by an enemy 
cannot '.e considered great except in the case of war with Great Brit 
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ain or France, for the reason that a blockade, being the most difficult 
and expensive of all maritime operations in any case, is, in the case 
of the United States, lacking in the most essential feature necessary 
to success; the vicinity of a base of operations. The difficulty of 
maintaining a blockade of even nominal value in the absence of a base 
of operations in the vicinity is fully evidenced by the results of the 
blockade of the mouth of the Elbe by the French in the late German 
war. In spite of the strong iron-clad fleet kept cruising in those 
waters, the regular trips of German mail-steamers were never stopped, 
and although German iron-clads did not get to sea, the rigidity of the 
blockade cannot be claimed to have been the cause of detention. A 
blockade of one or twg United States ports would not inflict an injury 
commensurate with the expense of maintenance. To be effective, ail 
the great ports from Portland to Baltimore must be thoroughly sealed, 
necessitating an immense fleet operating over a great expanse, and 
even then leaving free the whole southern coast. 

The probability of a blockade of an enemy’s ports cannot be con- 
sidered of even ordinary magnitude except in the cases of the colonial 
ports in the vicinity of the United States and in these cases the prob- 
ability is entirely dependent on the circumstances. For example; a 
blockade of Cuba world be probable, as it could be accomplished with- 
out difficulty and would inflict a great injury on Svain. A blockade of 
Bermuda is improbable, since its maintenance would be doubtful and 
the expense would be greater than the injury inflicted. The only 
operation that could be carried on against that island would be the one 
of actual capture. 

The necessity for the transportation and convoy of land forces is, 
with regard to the United States of the least of all probabilities, for 
the reason that except in so far as Mexico is concerned, and perhaps 
the Central American nations, and the colonial possessions in the 
vicinity of the country, land operations would uot be undertaken. 
With Mexico the probability would be slight owing to the more ad- 
yantageous method of land advance. 

The duties and necessities arising from the condition of an ally are 
comprehended in those of a beiligerent and being of a similar nature 
require no especial examination. In the condition of a neutral a na- 
tion is bound to maintain a position of amity towards all nations that 
are at war and with whom the government is in friendly relations. 
This duty requires that no aid shall be given to one of the belligerents 
beyond the requirements of common humanity that shall be prejudicial 
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to the warlike status of the other. The necessities which may arise 
in any maritime neutral nation, calling for the services of a navy may 
be classified as follows: 1st, to prevent its citizens from supplying a 
belligerent with articles that are recognised as contraband of war; 
2nd, to prevent the giving of aid and shelter to a belligerent beyond 
the requirements of common humanity; 3d, to prevent the carrying 
on of warlike operations by a belligerent within the neutral territory; 
4th, to protect national life and property in belligerent territory from 
danger during warlike operations ; 5th, to prevent an unjust interfer- 
ence by a belligerent with the rights of nevtral commerce. 

Examining these circumstances, as has been done in the case of 
war, it is found that a very strong probability exists of the occurrence 
of the first named necessity. The United States furnishes the greatest 
market in the world for small-arms and small-arm ammunition, and 
since war itself is the main cause for a demand for such articles it is 
not to be expected that manufacturers will of their own yolition re 
spect the obligations of neutrality in the prosecution of their business, 
There is therefore almost an absolute certainty that in case of any 
war, United States citizens will attempt to violate neutrality by furnish- 
ing one if not both of the belligerents with munitions of war. The 
same circumstances will exist and in but a slightly less degree with re- 
gard to attempts to furnish fast cruisers or commence destroying ves- 
sels. It may be claimed that all such attempts will be frustrated by 
the use of proper preventive measures of a land-police character, not 
requiring the use of naval vessels. The escape of a single cargo of 
arms or a single armed vessel from national territory constitutes how- 
ever a sufficient breach of neutrality, provided all possible attempts 
have not been made by the government to prevent it. _ If it can be es 
tablished that the timely use of a naval vessel would have prevented 
the escape, the United States could not plead the non possession of & 
navy as an excuse for the breach. The government is able to support 
a navy and, being able, it is its bounden duty to have one if circum- 
stances exist where the services of naval vessels may protect its neu- 
tral position. 

With regard to the second circumstance, the probability exists but 
it is of slight magnitude. A vessel of a belligerent may seek a United 
States seaport for the purpose of renewing her fuel or supplies, and it 
is not to be expected that citizens will withold these articles when fair 
and probably high remuneration is offered. In any case the vessel is 
a power in herself, and an exhibition of corresponding power may be 
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necessary to enforce a command to either leave or remain in a port 
when ordered to. The third circumstance although far from being a 
certainty is of a much greater probability than the second. Belliger- 
ents in pursuit of each other’s commerce would probably send their 
cruisers to the vicinity of United States coasts, if such commerce fre- 
quents it. In such cases the temptation is irresistible to trespass 
upon neutral territory in chasing merchant vessels or, when cruisers 
are at anchor in or sailing through neutral waters, to send expeditions 
of warlike character to operate either within or without those waters. 
Such actions must be prevented at all hazards and they can only be 
prevented by the use of naval vessels. 

The fourth circumstance must be considered as inevitable. United 
States citizens in the pursuit of trade or pleasure are found at all times 
in all countries ; aad, wherever warlike operations are carried on by 
other than barbarous nations, there will certainly be found citizens who 
through necessity or carelessness are in danger of losing either life or 
property. The Government owes a protection to its citizens and such 
protection can only be surely given by placing them upon inviolable 
United States territory. In by far the majority of cases such protec- 
tion is only to be found on vessels of war. The fifth circumstance is 
of remote probability, but its occurrence brings about a condition of 
imperfect neutrality. ‘The dangers to which occurrences giving rise 
to an interference are exposed renders a navy, as a preventive power 
by an exhibition of force present at the seat of war, a constant neces- 
sity. 

In a condition of perfect amity, a nation is bound to make every ex- 
ertion to preserve the amicable relations existing and to strive to en- 
sure a peaceful adjustment of all differences that may arise with other 
Powers. The circumstances that give rise to necessities for a navy in 
time of peace may be classified as follows: Ist, To prevent citizens 
of the country or foreigners within the national territory from violating 
the laws of amity by actively sustaining foreign insurrection or re- 
bellions, or from making arbitrary acts of reprisal for injuries done by 
citizens of a friendly nation; 2nd, To protect the lives and property 
of United States citizens in danger from mobs or insurrections within 
the territory of a friendly nation; 3rd, To call the attention of anoth- 
er nation to the immediate necessity of arranging differences, or to 
warn foreign citizens against the performance of arbitrary acts injuri- 
ous to United States commercial rights; 4th, To aid in obtaining a 
correct knowledge of the waters and coasts of the world by means of 
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exploring and surveying expeditions, and to aid and extend the inter. 
ests of commerce. 

The first circumstance is one of constant liability in the United 
States, owing to the cosmopolitan character of its inhabitants and, ia 
& measure, to the popular idea of American born people that foreign 
insurrections are invariably revolutions of people bound down by 
monarchical oppression from which there is no other way of escape, 
thus calling for the active sympathy of a great and self-ruling people. 
Let disturbances arise in any country and active supporters of it will 
be found in the United States, who, either through a lack of responsi- 
bility arising from their unnaturalized condition, or through a misun- 
derstanding of the principles of liberty, upon which the government 
is founded, will not hesitate to perform overt acts in violation of in- 
ternational amity. The disturbed condition of Ireland presents such 
a situation to-day. Cuba, Hayti, Mexico, Central America, France, 
Italy, Hungary and so on in the list, back to the birth of the country, 
furnish repeated instances of the necessity for the use of naval vessels 
by the United States to prevent violations of the laws of amity. The 
natural desire of mankind to resent in person injuries inflicted gives 
rise to a necessity for naval vessels to prevent the commission of acts 
of reprisal. It is but a few months since this danger arose from the 
arbitrary acts of citizens of Newfoundland in attacking American 
fishermen. Vessels of war were required on the banks to prevent re- 
prisals by our citizens, whicl. would have complicated the questions 
raised by the original difficulty. Contingencies of a similar nature 
may be safely predicted, but their exact form cannot be surmised, 
Vessels of war mnst be in readiness to meet them on the instant that 
they occur. 

The second circumstance is one of constant occurrence ; the lawless- 
ness and violence of mobs requiring immediate aid for peaceable cit- 
izens. Although the danger may be foreseen and provided fer in 
time, where insurrections occur in civilized countries, the case is re- 
versed in semi-civilized nations. The third circumstance, although 
approaching a condition of imperfect amity, is often of the greatest 
use in preserving peace. Examples of the necessity and the efficacy 
of an exhibition of force have repeatedly occurred in the relations of 
the United States with Spain. It occurred at the time of the French 
occupation of Mexico; again in the settlement of a question with the 
Bey of Tripoli, but a few years ago; in Mexico, Venezuela, and the 
South Sea Islands. All governments are subject at times to the 
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baneful influences of unreflecting passion, demagogic conceit, or arbi- 
trary ambition, and when questions arise between nations, however 
reasonable the demands of one may be, an exhibition of a determi- 
nation to uphold its rights, even at the hazard of war, is liable to be- 
come necessary when the other is subject to one of these influences. 
It is but a few months since Spanish vessels of war stopped and 
searched commercial vessels of the United States, in direct violation 
of the laws of amity, and, although the acts were disavowed »y Spain, 
yessels of war were made necessary to visit Cuban waters as a visible 
warning to the colonial officers not to repeat an offence that they had 
judged would be condoned by their superiors. 

The fourth circumstance is of constant existence. Dependence 
cannot be placed either upon private enterprise or foreign research to 
obtain the information necessary for the maintenance and develop- 
ment of commerce. Both naval personnel and matériel, in whatever 
form they exist, are best fitted for carrying on the necessary work. 

Having thus established the existence of necessities for naval ves- 
sels, under all conditions of the country, the next step is to determine 
the importance of and amount of variation in the services required. 
The past history of the United States, and the well established policy 
of non-interference with the affairs of foreign nations, give firm 
ground for the assertion that the normal condition of the nation is 
one of either perfect amity or neutrality; therefore the composition 
of the standing navy must be such as will primarily satisfy the condi- 
tions imposed by these circumstances. Under all circumstances re- 
quiring actions of restraint towards people within territorial limits, 
(internal insurrections excepted, which require separate examination), 
the necessity for naval vessels is subordinate to other means of re- 
straint and no formidable strength is required, since no naval strength 
exists to oppose to it. In these cases, therefore, unamaored vessels 
of moderate dimensions suited to the requirements of cruisers are suf- 
ficient to fulfil the purpose. Since however these duties require the 
pursuit and arrest of escaping vessels, these cruisers must be given 
power to sustain a high rate of speed for a great distance. In order 
to prevent citizens from committing acts of reprisal, the same condi- 
tions hold ; fighting power is not necessary but great speed is all-im- 
portant. With regard to attempts made by foreign naval vessels to 
use United States territory as a base of operations or to violate neu- 
trality by trespass, it may be safely asserted that a simple warning or 
protest would almost inevitably suffice. But naval vessels are neces- 
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sary to give this warning, and to enable them to properly do the ser. 
vice they must be cruisers capable of policing the ocean territory of 
the country and keeping at sea for protracted periods. Insurrections 
and rebellions in foreign countries or wars between nations are of con- 
stant occurrence, and when they break out naval vessels are immedi- 
ately required to afford an asylum for United States citizens and 
property in danger. This service cannot be performed by merchant 
vessels for two excellent reasons: Ist, they do not form a part of the 
inviolable territory of the United States nor are they authorised to act 
directly for the government ; 2nd, they lack the power to resist lawless 
attacks upon them and are themselves in need of protection. The duties 
of naval vessels in these cases are peaceful in their nature and require no 
more of an exhibition of strength than is necessary to guard against 
lawless acts. Hence for such services unarmored cruisers of moder- 
ate dimensions are sufficient. In the cases of outbreaks in semi-civil- 
ized countries, although the object of the required service is peaceful, 
a positive exhibition of strength is necessary in order to overawe the 
mobs, since peaceful negotiations are of themselves no guarantee of 
safety. None of these nations or provinces, however, except Turkey 
and Egypt, possess a naval force of even moderate strength and their 
seaports are poorly defended. In addition to this, an uprising, al- 
though it may only affect the citizens of one foreign nation, invariably 
brings at once the vessels of war of several others to the threatened 
point, all united in supporting the common cause of civilization. Un- 
armored vessels therefore are capable of furnishing suflicient strength 
to meet the necessities, although much of the result depends upon size 
and actual power of the vessels. 

Although wars may be foreseen and the exigencies be provided for at 
comparative leisure, insurrections and individual acts of violence can 
never be long foretold. Hence the necessity for squadrons of cruis- 
ers in time of peace, ready to act at any threatened point at short no- 
tice, and, from what has preceded, these squadrons may be composed 
of unarmored vessels, mainly of moderate dimensions, and, on stations 
comprising the territories of semi-civilized nations, having a few of the 
heavier classes. 

There remain the cases of a necessity to prevent aa unjust interfer- 
ence by a belligerent in the rights of neutral commerce, and the circum- 
stance of calling the attention of a foreign power to the immediate 
necessity of arranging differences. Bot» of these circumstances call 
for the services of vessels of war only after the failure of a protest 
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through the diplomatic department of the government ; and the bring- 
ing forward of naval vessels is in both cases an act clearly bordering 
on one of war. Much therefore depends upon the course adopted by 
the government concerned. The policy of the United States is, as has 
been already stated, one of extreme reserve as to foreign affairs, and 
in its execution repeated examples may be given showing that the fact 
that circumstances are such that there is simply a danger of an unjust 
interference in the rights of neutral commerce is not considered suffi- 
cient to justify the use of a naval force; indeed it is questionable if 
even a strong protest would be considered politic against anything 
short of an overt act. To make this point clear (and it is necessary so 
todo in order to determine the requisite naval strength) the actions of 
the British and United States governments are cited with regard to af- 
fairs on the coast of Spain in 1873. In that year the Spanish govern- 
ment was engaged in suppressing insurrections in its southern provine- 
es. The insurgents gained possession of several men-of-war, and, 
hoisting the red flag, an unrecognized ensign, cruised along the coast 
levying tribute on the seaports and Spanish merchant vessels. The 
Vittoria and Almansa were captured by a British iron-clad squadron, 
under the plea that, although they had not interfered directly with Brit- 
ish commerce, they had endangered its rights. The act of the British 
Admiral was upheld by his government. United States war vessels 
were on that coast and the national commerce was subjected to the 
same risks from the lawless acts of the ‘‘ Intransigentes,” but orders 
were issued by the government, on no account to interfere except ar 
overt act were committed. An act of a very similar nature was per- 
formed by a British admiral on the coast of Peru some years after- 
ward. Such being the policy of Great Britain, and nearly all mari- 
time nations possessing armored vessels, the necessity exists for that 
country to have armored cruisers in peace as well as in war; and, with 
equal truth, the opposite policy of the United States does away with 
the necessity for such vessels in time of peace. 

The necessity has repeatedly arisen for the United States to make 
a dis~lay of naval strength to cali the attention of Spain to the urgen- 
cy of matters of dispute between tie two countries. Such displays, 
however, only occur after overt nostile acts by Spaniards, and a strin- 
gent restraint is alwsys placed upon the proceedings of the fleet. That 
peaceful negotiations have but glossed over without remedying the evils 
is a patent fact, and it is equally patent that the possession of a naval 
force of ten times the strength would not add anything to the satisfac- 
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tion of the case. Herein lies the weakness of the argument of those 
who advocate powerful fleets for the United States. That a prompt 
recognition of the rights of the United States commerce in Cuban wa- 
ters demanded a few years ago a display of force, of both armored 
and unarmored vessels, no one acquainted with the circumstances je 
disposed to deny; but, if it be the policy of the government to permit 
the safety of commerce to be jeopardized, and to sacrifice commercial 
interests by seeking unsatisfactory remedies, then the necessities fora 
navy in such cases, either do not exist, or, if existing, are of second- 
ary importance. The United States, whatever be its policy, must have 
a navy to aid in sustaining the neutrality and belligerent rights of oth- 
er nations, as the non-maintenance of one brings a risk of war. She 
either needs or does not need a navy for the protection of her own in- 
terests, according to whether her policy is to support or neglect those 
interests. Experience shows, however, that at times the government 
considers it necessary to make a display of force, and as this brings 
about a strained condition liable to lead to war, a certain element of 
armored strength is required for the emergency. 

In accordance with these analyses then, it has been established that 
for the standing navy in time of peace or neutrality an active force 
of unarmored vessels is necessary, proportioned in number to the amount 
of interests at home and abroad requiring protection. Cruising sta€ions 
for squadrons are necessary in those parts of the world affected by Uni- 
ted States commercial intercourse. Vessels of a medium class are 
mainly required and these vessels must possess a maximum of speed 
and capacity for fuel; they must also be provided with full sail-powers, 
not only as a matter of cruising economy but to enable them to keep 
the sea for long continued perils. On certain stations these medium 
vessels must be supplemented by cruisers of the heavier classes. Fi- 
nally, the navy must possess a certain passive force of the stronger 
or armored element. 

No demonstration is necessary to prove that a naval force must be 
stronger in time of warthan during peace. These peace forces must 
then, when taken together, serve as a nucleus of the war strength, 
their power and type being such as will at the same time best fulfil the 
peace demands and serve the defensive war purposes until a proper 
war strength can be developed. Since the range in general types of 
unarmored vessels is quite limited the discussion of the modifications 
demanded by a state of war may be postponed for the present; but 
with armored vessels, the great range in types and the normal passive 
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condition which renders the war modifications paramount, make an es- 
pecial discussion of these war necessities imperative. 

It may be stated as an axiom that for coast-defence and the pre- 
vention or breaking up of blockades, armored vessels of what are uni- 
versally recognized as coast-defence types are the ones most neces- 
sary. For the protection of commerce and attacks on an enemy’s 
commerce the armored vessel is not needed. The crippling of the 


enemy’s naval force, may or may not necessitate the use of armored 
; 


vessels according to the especial object sought to be accomplished. 
if the enemy’s iron-clads appear upon the United States coast, then 
coast-defence iron-clads are required to meet them. If the enemy’s 
iron-clads cruise at large on the ocean, it is contended that the better 
policy would be to let them alone. To send iron-clads in search of 
them would be an undertaking expensive, hazardous, and unsatisfac- 
tory. Commercial vessels are in no more danger from them than 
from unarmored ships and must accept great risks at any rate. If 
the enemy chooses to waste strength in sending armored vessels on 
indefinite cruises to cover an immense ocean territory, a false ambi- 
tion to meet him in hand to hand encounter should certainly not lead 
the government to follow the example and put great strength where it 
can do little good. If the enemy’s iron-clads attempt to break block- 
ades established, then armored vessels are necessary to frustrate the 
attempt. In examining the circumstances of these blockades, it is 
found that Mexico and Central America possess no iron-clads, there- 
fore armored vessels are not urgently required there. Brazil, Argen- 
tine Confederation, and Chili possess them, therefore, owing to the 
great distance of the ports from home, cruising iron clads would be 
necessary to success. The vicinity of Florida and South Carolina to 
Cuba and the weakness of the Spanish fleet, combined with the great 
distance of its home ports, make coast-defence iron-clads thoroughly 
competent to establish a blockade of its ports. It is confidently as- 
serted that Jamaica and the British West Indies are safe from block- 
ades by the United States, on account of the paramount necessity for 
the use of the full armored strength in the defence of the coast in case 
of war with Great Britain. Canada is equally free from blockade 
dangers for the same reason. Bermuda might be captured, it could 
not be successfully blockaded. With regard to European ports, an 
attempted blockade by the United States would be both impolitic and 
improbable, on account of the lack of a base and the necessity for 
crossing the ocean only to meet fleets in good condition fresh from 
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port. With Japan or China, strict blockades would be more expensive 
and less satisfactory than a system of worrying dashes by unarmored 
vessels. : 

Thas, of all the necessities of attack and defense, the blockade of 
South American ports alone calls imperatively for the use of the cruig- 
ing iron-clad. A blockade of these ports appears itself imperative, 
since the prosperity of these countries depends in a very great degree 
upon a free communication with European Nations. For a passive 
force then these types are entirely unnecessary, and for an active one the 
probable necessity is either so slight or so vaguely defined that» these 
types should be left for the war pressure itself to define. In thus con- 
demning the sea-going or cruising types of armored vessels as far as 
the United States is concerned, more convincing argument still is 
considered necessary to satisfy the ideas of those who are attracted 
by the courses adopted in great foreign navies. In the first place, full 
weight must be given to the exigencies arising in European states from 
endeavors to preserve the balance of power. ‘These render a condition 
of peace one of an extremely precarious nature, thus calling for a 
greater interdependence in type development. The natural desire of 
Italy, for example, is without doubt to limit the strength of her navy to 
coast defence types; but her peculiar position in the Mediterranean 
requires that to maintain her situation as one of the great powers, 
these coast defence vessels should be of a strength to give her a com- 
manding position in Mediterranean affairs. Her Duilios and Lepantos 
must oppose an effective barrier against the too vigorous assertions of 
power of the Inflexibles and Duperrés. The United States fears noth- 
ing from the latter vessels except in actual war. Italy must fear their 
domination in the diplomatic actions of peace. 

Policies in different nations are extremely changeable, and their in- 
stability not only demands greater peace strength but the slight neces- 
sities of one day become serious the next, therefore greater range in 
type developments is necessary. Ten years ago the imperial policy 
of France called for foreign cruisers ; in two years’ time the Republic 
demanded coast-defence ; to-day its demands are general and in 4 
year no one can prophesy what they will be. Ten years ago Russia 
had no navy in the Black Sea; to-day she is developing her power 
there and peaceful relations with the rest of Europe are kept at a con- 
stant strain. Prussia has become the German Empire with greatly 
extended coast to defend and enhanced responsibilities as one of the 
balancing powers of Europe. The policy of great Britain, that nation 
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that prides itself on its stability, is as changeable as that of any in 
Europe. Kudicals and Conservatives are equally patriotic, and yet in 
foreign affairs the paths followed by each as it comes into power could 
scarcely diverge farther, and in nothing is the foreign policy of Great 
Britain more faithfully reflected than in the suecessive type develop- 
ments of its fleet. 

Strong navies in close proximity to each other cause again this great 
interdependence. To none of these circumstances is the United States 
subject. She is as a great power isolated from foreign political com- 
plications. Her policy as far as other vations is concerned is un- 
changeable and the policies of other nations do not effect her. The 
circumstances giving rise to necessities for a navy being of a constant 
nature, the range in types may be reduced to a minimum; and since 
these necessities are mainly of a defensive character, then the type of 
armored vessels should also be one suited to coast defence. 

Thus far the analysis of the needs of the United States has led to a 
limitation in the range of armored types from which a choice may be 
made by excluding those vessels that are generally known as cruising 
iron-clads. In pursuance of this line of argument the next step is to 
ascertain what general types of coast defense vessels should or may be 
excluded, and to determine this point the conditions which a state of 
defence will force upon the country must first be established. The 
general problem may be thus stated ; Given, a certain amount of armor- 
ed strength as a mass, how shall it be distributed in order to best defend 
the coast from threatened or actual attack? 

The United States coast, taken as a whole, is in what may be 
considered a fairly excellent condition of navigability ; by this is meant 
that there are no great stretches so protected by shoals or dangerous 
passages as to render them difficult of access to an enemy’s force. 
This whole coast must be defended, since scattered along its entire 
length are sea-ports of great commercial importance. An examination 
of the general conformation will make at once apparent a peculiarity 
which should exercise a great influence in the limitation of the type 
of armored coast-defence vessels. The coast is divided naturally into 
a series of districts or basins within whose limits inter-communication 
is readily obtained, but which are so separated from each other as to 
render it difficult to send vessels rapidly from a point in one to any 
threatened point in another. These basins may be arbitrarily named 
as follows: Ist, the Gulf of Maine, limited on one side by the New 
Brunswick boundary and on the other by the outlying islands and 
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banks off Cape Cod. 2nd, the North Atlantic, comprising the great 
bight between Narragansett Ba; and Cape Hatteras. 3d, the South 
Eastern or Carolina, including the crescent between Hatteras and Key 
West. 4th, the Gulf, from the Florida Keys to the Rio Grande. 5th, 
the California, from San Diego to Cape Medocino. 6th, the North. 
Western, from Mendocino to Vancouver. The Alaskan coast is omitted 
from consideration owing to its present lack of commercial importance, 

In the case of a threatened attack from the eastward, it is plain that 
no estimate could be made as to the point aimed at by a force mustered 
at Halifax, Bermuda or the West Indies. Although it may be known 
that an attack in force is contemplated, the point at which it is to be 
made would only be ascertained through the appearance of the force 
on the coast. If such an attack were contemplated, it would either be 
in force, that is, made by an armored squadron, or in a series of run- 
ning dashes at different important points by single vessels. The first 
method is only to be feared from Great Britain, France or Spain, as 
other nations lack the base to work from, and even in these casesa 
fleet attack is a matter of such magnitude that it could hardly be ex- 
pected to take place during the first periods of awar. The second may 
be feared from any nation having armored cruisers, and may be rea- 
sonably expected in the first periods of war. The probability being so 
much the greater in this case must be the first one provided for. The 
first aim in the development of the defence then should be to prevent 
such attacks, and, if they cannot be wholly prevented, to break their 
force. 

Owing to this distinctive division of the coast into basins, if a sin- 
gle armored cruiser should suddenly appear off Boston, vessels sta- 
tioned in New York bay would be debarred from coming to the rescue 
in time by the necessity of rounding Cape Cod and threading the 
channels of the Banks. Vessels on the Atlantic coast are powerless 
to offer rapid relief from attacks in the Gulf. Charleston and Port 
Royal cannot well be defended from Hampton Roads and vice versa; 
whilst the defence of the Pacific is entirely separated from that of the 
Atlantic. Since the coast is so broken and so extensive as to give an 
advantage to attacking vessels by retarding those sent to the relief, it 
is certain that the total defensive power cannot be massed in a single 
heavy vessel. There must be a division into at least six independent 
parts, the strength of each part being so regulated and distributed as 
to offer an effective menace against individual assaults within its basin, 
without immediate reference to that of another. 
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The magnitude of a thoroughly effective defence may be estimated, as 
being equal to the sum of the strengths of one armored vessel station- 
ed at each threatened poiat, the power of such vessels singly being 
equal to that of the cruiser likely to make the attack. As the points 
are numerous, the number of vessels and the total power would be very - 
great. Such a total would however represent a war footing, and since 
the normal condition of the United States is one of peace or neutrality, 
the constant maintenance of so great a strength is necessary. The 
peace strength should be just so much as would make it a great risk 
for single armored vessels to visit the coast during the first periods of 
war, holding them back until opportunity is given to establish aux- 
iliary harbor-defence and to bring forward the war strength. In order 
to arrive at this minimum, the risks to which each basin is exposed will 
be considered separately. 

The north-western basin is in the least danger from naval attacks, 
it being highly improbable that any armored vessel except one from 
Great Britain, would go so far from its own base of supplies to 
make an attack that wouid under no circumstances have other than a 
local effect. ‘The main risk is then reduced to the chance of a war 
with Great Britain, in which case Vancouver offers a great vantage 
ground for attacks all along the Pacific coast. In accordance with 
our assumed standard of strength, the points in danger in this basin 
are:—Port Townsend, the key to the de Fuca straits and the sound ; 
Olympia, the head-quarters of the Puget Sound defence, and the Colum- 
bia river. Of these three points, the dangerous bar of the Columbia 
combined with the merely local effect of an attack there, reduces the 
liability of attack to almost nothing. No attack can be made on 
Puget Sound without first overcoming the defending force in the straits ; 
therefore the total strength assigned to the defence of this basin is 
truly represented by the power assigned to Port Townsend. 

The British armored force on the Pacifie coast has never exceeded 
one armored vessel which could only be reinforced within a reasonable 
time by one other iron-clad detached from the China seas. It is evi- 
dent that the holding of Esquimalt would be of the first importance to 
Great Britain, since without it operations by an armored squadron or 
even by single iron-clads would be next to impossible. A force in the 
straits therefore that should menace the safety of Esquimalt would be 
& protection to both the North Western and the California basins since 
it would necessitate the immediate presence of the British force at that 
point, and the risk of attacks on California being thus reduced, a 
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certain amount of dependence may be placed upon a reinforcement 
from that basin. The peace strength necessary then, need only be 
sufficient to attack Esquimalt with impunity in the absence of an 
armored enemy, and since the whole fighting ground is limited to a 
narrow inland water this force may be represented by the strength of 
a single harbor-defence vessel of moderate power. The presence of 
this much strength in those waters will insure the immediate presence of 
the whole British armored force at that point, and the exact position 
of the enemy being known, reinforcement may be given from the Cal- 
ifornia district intelligently. 

How shall the strength be distributed? ‘To force the enemy’s ar- 
mored vessels to come north, this strength must be so arranged as to 
threaten seriously the Esquimalt shore defences, with power to dam- 
age if not destroy the dockyard. To hold a large force by a small 
one it must be so much lighter in draught than the British cruising 
iron-clad as to enable it to take up a secure inshore position for de- 
fence pending a reinforcement that shall permit offensive operations 
against the enemy’s armored vessel. Its general measurements 
should, however, be sufficiently great to permit of a transfer of the 
force to the California basin in case the war be with any other nation 
than Great Britain. 

The first requisite of the force excludes from consideration, the 
Chinese Alpha class of gunboats for harbor-defence, the Ram pure and 
simp's, and the torpedo vegsels. Neither of these types can offer a 
serious menace to shore defences. Plainly then, this strength must 
be concentrated in a gun-bearing, armored, vessel. Power of artillery 
must take precedence of number of guns, and her armor must be of 
the greatest resisting power consistent with the character of the ves- 
sei. The character and position of the shore defences demand a cali- 
bre of rifled guns not less than nine inches, and these guns must be 
wholly protected, thus excluding barbette fire. These limitations point 
directly to the pure monitor type of vessel as being the most suitable, 
The draught of water must be less than eighteen feet (allowing twenty 
feet for the minimum draught of English armored cruisers) and ex- 
perience shows that it should be greater than eleven feet to give her 
qualities that would enable her to make safely the passage from Puget 
sound to San Francisco. One more feature requires consideration as 
tending to limit the power required. Although there is no harbor- 
defence vessel permanently stationed at Esquimalt it may safely be 
prophesied that in accordance with British policy, one will be sent there 
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in the near future, and since its object would be solely to protect the 
harbor in case of war with the United States the main effective strength 
of the navy will not be weakened to provide for this single contingency, 
and this vessel will probably not be of a greater if as great a strength 
as the ** Cerberus” type. A United States vessel then of an equal 
strength will relieve the whole Pacific coast from danger of attack by 
armored vessels in the first periods of a war with Greet Britain. Be- 
fore entering upon a discussion of the necessary details of the type, 
the requirements of other basins will be determined. 

The California basin is exposed to attacks from Great Britain, Chili 
and Japan; the points immediately endangered from single ship at- 
tacks being San Francisco and San Diego, the latter point being des- 
tined from its position as a great commercial terminus to offer in the 
near future great temptations to assault. 

Two other points are endangered from later operations, although 
measurably safe during the opening war periods. Monterey bay and 
the Santa Barbara islands in the hands of the enemy would form ex- 
cellent bases for naval operations within the basin. Their defence 
may, however, be left to the later development owing to the necessity 
for the enemy to mass a considerable force to take and hold the posi- 
tion, or, in other words, it would enter into the measure of the neces- 
sary war-strength. The danger of attacks from Chili or Japan on San 
Francisco may be met thoroughly by the transfer of the force delegated 
to Puget Sound to that point, since the north western basin is not 
endangered. Time and opportunity would under all circumstances be 
sufficiently ample for the purpose. In the case of war with either of 
these nations therefore the question of defence is reduced to that of 
San Diego. With regard to Great Britain, it has already been demon- 
strated that pending the development of a war strength, their armored 
force may be kept clear of this district by the importance of the in- 
terests to be defended by them farther north. To keep them north, 
however, the armored force of this district must be depended upon. 

The magnitude of this relieving force must be sufficient not only to 
hold a British harbor-defence vessel and an iron-clad cruiser north, 
but also if possible to confine the freedom of action of the reinforce- 
ment from China, forcing a concentration of the enemy’s strength in- 
stead of allowing it to spread along the whole Pacific coast. Since 
the iron-clad detailed to draw the enemy north is of only a sufficient 
strength to neutralize the British harbor-defence vessel, the relieving 
force must be of a greater total strength. ‘The nature of the service 




















62 TYPE OF ARMORED VESSEL AND CRUISER 


required demands an armored coast-defence force. “Shall it be concen- 
trated in « single vessel or be divided? A single heavy iron-clad 
would in actual combat possibly represent a sufficient total strength, 
but in such a combai the probability would be great of having two 
vessels matched against three, giving the enemy the advantage not 
only of artillery power but of tactical mancuvring and ramming facil- 
ities. Furthermore, the exact demands of the attack and the defence 
cannot be foreseen. By having a force so concentrated, a superfluity 
of strength may be sent to one point at the expense of the defence of 
another. If the force be divided between two vessels, one may be sent 
north at the first demand, leaving the other to combat an attempt at a 
diversion. At the outbreak of war suppose one of these vessels to be 
stationed or to proceed directly to San Diego and the other to remain 
at San Francisco. With the help of the shore defences these points are 
safe from attacks by the armored cruiser which must proceed north. As 
this cruiser leaves the California basin, San Diego becomes relieved 
from danger, as a vessel coming from China is in no condition to make 
an ettack so far south. She may attempt San Francisco, in which 
case a harbor-defence vessel is there to mect her. The enemy then 
has a choice between two courses, either to remain in front of San 
Francisco blockading this lighter armored vessel or to go to the de- 
fence of Esquimalt and thus permit the whole force to concentrate at 
the north. For the defence of the California basin then two armored 
vessels of the monitor type are sufficient, and in order that the inter- 
ests of economy may be considered, it is estimated that one of these 
vessels may be of the same méasurements as the one detailed for the 
north western basin whilst the other may come within the limits of a 
light harbor-defence vessel, the limitations being given in the discus- 
sion of details. 

The Gulf district is in reality open to attacks from the armored 
cruisers of all European nations, but its naturally protected position 
combined with the meagreness of results to be obtained by individ- 
ual attacks reduces the probability .of them almost to a nullity so far 
as armored cruisers are concerned, in al] cases except those of wars 
with England, France or Spain, whose West Indian possessions enable 
them to strike with equal facility the Gulf or the Atlantic basins. 
The points that are liable to menace are; Galveston, the mouth of the 
Mississippi, Mobile, Pensacola and the Florida Keys, Of these, Gal- 
veston offers no inducement for the expenditure of armored strength 
at such a great distance from a base; Mobile is protected by its shal- 
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low channels and interior position ; the mouth of the Mississippi pre- 
sents but one narrow channel avai.able for sudden attack and this 
channel may be quickly placed in a condition of secure defence from 
individual attacks by means of earth-works and torpedoes. Pensaco- 
Ja, as a dock-yard station, offers a temptation for assault sufficient to 
demand a separate defence. The Florida Keys, being in fact the key 
to the basin, demand the most attention, as their seizure by an enemy 
would give him a control of the whole southern coast. 

In case of a war with Spain, the vicinity of Cuba to the coast, and 
the importance of this island to the kingdom, render an attack in force 
upon it the best method of protecting the whole Atlantic from assault. 
For a blockade of Cuba, the Florida Keys are of the highest import- 
ance as a base of operations, and the whole force of the basin may in 
this case be treated as one concentrated at this point. It has already 
been demonstrated that the iron-clad force detailed for this blockade 
may safely be limited to coast-defence types, and, in view of the limit- 
ed peace strength permissible, the number of vessels required for a 
blockade and the condition of the Spanish armored force, these coast 
defence vessels are most effective if the whole force be divided amongst 
light armored vessels, a certain amount of dependence being placed 
upon a reinforcement from the more northern basins, and this depend- 
ence is allowable since the main efforts of Spain must be directed to 
saving Cuba, leaving no spare force for creating a diversion. 

If the war bu with France it would seem that since the possession 
of St. Pierre and Miquelon at the north would enable iron-clads to 
menace the northern basins and thus deprive the south of reinforce- 
ment ; and the vicinity of the West Indian colonies gives a fair base for 
action against the southern coast, the main objective point of the 
French would be the seizure of the Florida Keys which would give 
them entire control of the Gulf basin and a foothold for attack on the 
Carolina coast. In this case then, the whole action in this basin is 
concentrated to the defence of the Keys, and no relief can be planned 
by an attack on the French possessions, since such an attack would re- 
quire the use of the greater part if not all of the peace strength de- 
voted to the Atlantic, drawing it too far from the points requiring de- 
fence. The same conditions hold, and with greater force, in case of 
war with Great Britain, with a great risk to Pensacola in addition. 

These being the conditions, it is considered that one light iron-clad 
monitor should be detailed, for the defence of Pensacola in case of 
war with Great Britain, for a reinforcement of the force at Key West 
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in case of war with France, or for a menace against Havanah in cage 
of war with Spain; two light monitors for the defence of Tortugas 
and two more for Key West, giving thus a total for the patrol of the 
islands that would deter single vessels from attempting a seizure, and 
a number sufficient to make a good distribution about the Cuban coast 
pending operations on a greater scale. 

The Carolina basin presents no point for obtaining an advantageous 
foothold by an enemy and four points only under a liability to attack, 
Wilmington, Port Royal, Charleston and Savannah. Of these, Wil- 
mington and Savannah are self-defending against attacks by individ- 
ual vessels. A detail of one light monitor for each of the other two 
points is considered sufficient to deter attacks on them, whilst they 
may both be used against Cuba with safety. In fact the vicinity of 
Port Royal to Charleston and the strong shore defence that may be 
established at that point would permit of sending one of these vessels 
to the Keys in a war with either France or England, giving them thus 
five and perhaps six vessels with which to keep the command of the 
Florida channel and gulf. It may be asked: Why are monitors ar- 
bitrarily named as the type of vessels? The answer to this question 
is that although reasons may be given for even a preference for the 
ram or the torpedo vessels in a strictly defensive warfare, the proba- 
bility of war with Spain is greater than that of any other nation. In 
such a war a blockade of Cuba and seizure of the island is undoubt- 
edly the first step to be taken, and such a step requires the use of ar- 
mored gun-bearing vessels, and due weight must be given to these 
limitations in arranging for‘the defence of the Keys. A type that 
shall fulfil reasonably all the requirements is preferable to one that 
may be better for one object but which is totally unfit to meet the 
strongest probability. 

The North Atlantic basin, from its great commercial importance 
and gereral accessibility, offers the greatest temptation to attack. Its 
great distance from any of the foreign colonies forbids offensive meas- 
ures as a means of protection, as has been cited with regard to Van- 
couver and Cuba. The force employed must therefore be one of a 
strictly defensive character, although here, the fact that one half of 
the docx-yards of the country are within this basin and the central 
position of the district making it the grand supply and relief depot 
for the other basins, should exercise a great control in type limitations. 
The points endangered cre; Nantucket whose seizure would give an 
enemy a most complete base of operations against the whole coast; 
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Narragansett bay and the eastern entrance of Long Island Sound ; 
New York bay, Delaware bay, and Chesapeake bay. Of these, the 
naval defences of Delaware and Chesapeake bays are in a position to 
offer mutual reinforcement, for the following reasons; an attack on 
Lewes or the Delaware breakwater would only be made with the ob- 
ject of holding it as a base, as nothing is to be gained by a dash at it. 
An attempt to hold it would be met by a concentration of force sent 
from the other parts of the basin. Beyond Lewes, no point offers 
temptation for attack short of Wilmington, and since the presence of 
the enemy would be known upon his reaching the capes, any opera- 
tion high up the bay would lead him into a ‘‘cul de sac,” sufficient 
time being allowed for the despatch of a force from the Chesapeake. 
Richmond and Washington, on account of their riverine position, 
may be rapidly placed in security by means of earthworks and torpe- 
does, whilst Baltimore is similarly situated to Wilmington. Norfolk 
alone presents a point on which attack may be made with a chance of 
getting away safely again and even here torpedo defence is applicable. 
For a strict defence of these positions it may be asserted with much 
reason thet torpedo boats at Wilmington and Norfolk would suffice. 
This style of defence however would not suffice to keep a single cruiser 
from patrolling the mouth of the bay and stopping communication 
with the dock-yards. The ocean highway must be kept at least pas- 
sably free in the interests of supply and relief of other basins. The 
armored ram pure and simple might make the risk of keeping an ar- 
mored cruiser just outside too great to warrant its attempt; but the 
greatest present probability of war is with Spain, and this event would 
call for armored gun bearing vessels. In any event it is considered 
impolitic to sacrifice artillery power entirely to the ram. Since the ser- 
vice of the Delaware bay force is confined to driving cruisers from the 
vicinity of those waters, it is considered that two light monitors may 
successfully perform the work, a certain dependence being placed on 
the defence of the Chesapeake in case pvints high up the bay are 
threatened. The same amvuunt of force would suffice in Hampton 
Roads were it not that the chances of an attack on Norfolk are very 
great and in any event a reserve must be held for the Delaware. If 
this reserve consists of one monitor of medium class, the combined 
force of this and two light monitors would give the advantage to the 
defence in any individual attack, whilst in a war with Spain this heav- 
ier monitor and two light ones could be spared for West Indian ser- 
Vice. 
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The position of Nantucket makes it indisputably the key to both the 
Atlantic and Gulf of Maine basins. The great commercial importange 
of New York renders that point especially susceptible to attack, but 
such an attack, it is contended, to be of any real service to the enemy, 
must be in force, since ‘t is to be expected that the defending force 
will be strong in proportion to the importance of the metropolis. In case 
of a war with either Great Britain or France, no point offers such tempt- 
ation as Nantucket. A dash by a single armored cruiser supported by 
a few corvettes and gun boats may result in the capture of the island, 
and once in the hands of the enemy, it would not only be a difficult 
matter to recapture it, but the position would establish a complete con- ” 
trol over New York and Boston. The importance of the defence dele. 
gated to the navy is strikingly exemplified in this case. Vessels of 
war of the enemy cannot hold points on the mainland as the facilities 
for a shore defence are almost unlimited. At Nantucket however suc- 
cess by the enemy is secured by the vigilance of a naval force in pa- 
trolling the captured waters. It is considered then that in case of a 
war with either of the above mentioned nations a constant naval de- 
fence must be retained at Nantucket and the position of the island de- 
mands for the main naval strength at least one armored gun-bearing 
vessel. If this vessel be a monitor of a medium power, its presence 
will warn off the enemy’s single cruisers from this point. If the cruiser 
attacks Narragansett bay, the force from Nantucket and Long Island 
Sound may be quickly concentrated there. If he attacks the Sound 
the Nantucket force may come to the relief. New York bay, from its 
distance and position, must have an independent defence. Owing to 
the position of Narragansett bay between Nantucket and the Sound 
and the presence of the torpedo station making it natural for an enemy 
to expect a strong torpedo defence, it is considered sufficient to leave 
this point to this auxiliary force. The confinement of the eastern en- 
trance of the Sound and the vicinity of Nantucket makes it possible to 
reduce the defence of this point to two light monitors, thus giving a 
force strong enough to check an attack pending the arrival of reinforce- 
ment, whilst Narragansett or Nantucket may receive reinforcements if 
they be attacked without leaving the Sound entirely open in case of a 
feint on the other points. Let it be remembered that a feint on points 
west of Nantucket although possibly leading to a withdrawal of the 
force from that point would not only catch the feinting vessel between 
two fires but would lead to a rapid and certain joining of the whole de- 
fending force for a recapture if Nantucket were lost. For this reason 
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the Nantucket defence is concentrated in a single vessel whilst that of 
the Sound is divided. 

The position of New York bay, removed from the possibility of a 
quick reinforcement from the other parts of the basin, and the impor- 
tance of the point to be defended, demands both a strong defence and 
a concentration of power. In order to ward off individual attacks 
effectively it is considered that the least strength that can be detailed 
for this point would be represented by two medium class monitors, and 
this disposition, whilst securing the port itself, would permit operations 
tending to keep the whole bight clear of cruisers by the aid of the 
threatening position of the defending vessels at Nantucket, the Sound, 
and Delaware bay. 

In the case of a war with any nation except Great Britain it is con- 
sidered that but three points in the Gulf of Maine basin offer tempta- 
tions to attack ; these are Portland, Portsmouth and Boston. No point 
in this basin would be available for establishing a base of operations 
against the coast since Cape Cod effectually breaks the connection. In 
case of war with Great Britain, the Maine coast may be threatened 
by operations in conjunction with measures for invasion from New 
Brunswick. In this case, however, mere attacks on the verge of the 
coast would be unsatisfactory, and the risk from torpedoes and earth- 
works is considered sufficient to keep iron-clad cruisers from the riv- 
ers. The armored defence, then, may be considered as confined to 
these three points. The immediate harbor defence of Boston may be 
safely entrusted to auxiliary defences, but since communication with 
the city may be blocked by a single cruiser patrolling the waters be- 
tween Marblehead and Cohasset, it is considered that two light moni- 
tors are necessary to insure the clearance of this point. Portsmouth 
is a point of greater importance to the defence than Portland, and ow- 
ing to the position of its dockyard rendering the latter assailable and 
subject to damage by an attacking vessel without entering the Piscataqua 
river, it is considered that one medium class monitor is required at this 
point, not alone to secure it, but to afford a quick concentration for the re- 
lief of Boston and Portland and to add to the individual weight required 
a8 protection for this basin which is so isolated from more southern 
points. Such a vessel offers also a strong protection to Nantucket, in 
connection with the vessel stationed there, and those at the Sound and 
New York. Finally, since Portland offers no thorough defence through 
torpedoes and shore works, and in view of the self-dependence thrown 
on this basin for its total defence, a force of one light monitor is con- 
sidered necessary for this point. 
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The discussion with regard to types of armored vessels best suited 
to the needs of the United States has taken the ground that owing to 
the geographical and political position of the country, the types should 
be limited to coast defence vessels ; and, owing to the limitation of to. 
tal requisite strength brought about by the normal peaceful condition 
of the country, this power, in the interests of economy, should be diyid- 
ed principally amongst light harbor-defence vessels. These vessels 
should be able to support heavy guns and armor on account of the ger. 
vices required in beating off armored cruisers, and certain sea-going 
qualities are demanded ; 1st, in the Pacific, on account of the necessi- 
ty of making passages between San Diego, the Santa Barbara Islands, 
San Francisco and Puget Sound ; 2nd, in the Gulf, for the patrol of 
the Florida Keys and the blockade of Cuba; 3rd, in the Atlantic ba- 
sin, for the reciprocal support between Delaware and Chesapeake bays 
and for the defence and reinforcement of Nantucket; 4th, in the 
Gulf of Maine, on account of the isolation of the basin and the neces- 
sity for a quick concentration at certain points. Great weight of ar 
mor and artillery, combined with a fair modicum of sea-going power, is 
best combined in the monitor type of vessels and it is with the details 
of this type that the final discussion will deal. 

In the generally accepted classification of coast-defence vessels, 
those known as light armored vessels are such as do not exceed a dis 
placement of two thousand tons. There are in the United States Na- 
Vy now many monitors of the original type coming within the pre- 
scribed limit of displacement tonnage, and, starting with these as a 
basis, it will be shown in what manner they may be modified to fulfil 
the present requirements. It is not the part of an essay to enter into 
the minutiz of calculations, nor can fully detailed drawings and des 
criptions of a typical vessel find a place in such a monograph. Ia 
discussing the modifications, however, whilst no exact standard can be 
given by which to measure the correctness of the deductions, every 
point advanced may be substantiated sufficiently to prove its tenabil- 
ity, and such will be the course adopted. It is proposed to so modify 
these monitors as to give them an increase of artillery power, a great 
er command of artillery (height above water-line), an increase of 
freeboard to give them better sea-going qualities, an increase of ar- 
mor protection, speed, mancuvring qualities, and ramming power; 
and all whilst keeping within the displacement limits. 

The armament of the 1900 ton monitors consists of two fifteen 
inch smooth-bores with their attachments. In view of the work 
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which such vessels_yill have to perform, these guns should if possible 
be replaced by long ten inch steel breech-loading rifles; that is, by 
guns capable of piercing a fourteen inch wrought iron plete at five 
hundred yards. The long rifle must be a breech-loader, in order to 
keep the size of turret within reasonable bounds and to give proper 
loading facilities. The results of the proof firings of foreign guns, 
and the development of steel manufacture, point to the necessity of 
using this metal as the construction material. Finally, whilst a pow- 
er of penetration of fourteen inches at five hundred yards is sufficient 
to overcome the defensive strength of the majority of the cruising 
jron-clads afloat, it is considered to be considerably within the limit of 
a ten-inch gun of twenty-five calibres length; for the reason that, 
whilst the English short ten inch penetrates 12.7 inches at that dis- 
tance, Krupp claims with his thirty calibre nine and a fourth inch gun 
to attain a penetration of sixteen and three-fourths inches. 

The following comparison of weights shows that the substitution can 
be made, without calling in aid weight that is distributed elsewhere. 





- XV. Inch Smooth Bore. Long 10 Inch Steel Rifle. 
2 Guns at 45,000 lbs., 40 tons. | 2 Guns at 41,000 lbs., 364 tons. 
2 Carriages and slides at 2 Carriages and slides at 
18.000 lbs, 16 *§ 21,000 Ibs., 19 * 
100 Rounds, half shot and 100 Rounds, chilled pro- 
half shell at 507 lbs., 225 ** | jectiles at 470 Ibs., 21 * 
’ Total 784 °° | Total 764 = 


In this estimate the minimum weight is given to the smooth bores 
and the maximum to the rifles. Furthermore, the weight given to the 
rifle includes the appliances necessary for a center port pivoting car- 
riage, and, since the length of the gun forbids the use of the present 
port-stoppers, the weight assigned to them may safely be allowed for 
the increase in the turret weight due to a reduction in the size of the 
port, it being proposed to abolish port-stoppers or shutters, this being 
the course adopted throughout Europe. The danger of disabling a 
gun by the jamming of a shutter is greater than that of the entry of 
& projectile into the port. The shot that would enter a port would 
smash or jam a shutter, whilst the same result may happen by a hit in 
the vicinity only of the port. 

The present style of mounting a turret on a spindle is faulty in the 
extreme, and it is proposed to replace it by the turn-table system now 
in universal use, the increase in weight due to this change being esti- 
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mated as safely within two tons. Although the change in battery 
gives by estimate a saving of two tons, it will be in our estimate re- 
served as a margin for artillery, therefore by the change of turret 
mounting a weight of two tons is called for. 

The 1900 ton monitor is designed for a mean height of deck above 
the water-line of eighteen inches. It is proposed to reduce this height 
to nothing by bringing the crown of the deck to the water-line, the 
side armor stopping also at this point. From the water-line it is pro- 
posed to carry up an iron unarmored freeboard fore and aft toa 
height of six feet, crowned by a wooden flush deck. 

The reasons for the proposed reduction of height of armored deck 
ere as follows. With the present height of eighteen inches, opporta- 
nity is given for a projectile striking at or just above the water line to 
open a serious leak underneath the armored deck into the submerged 
sections of the ship. In this case, the height of the between deck 
space decreases the dependence that may be placed in the reserve 
buoyaney of the vessel, no matter how thoroughly this part of the 
ship may be subdivided by water tight compartments ; it brings the 
small but important additional strengthening due to the waterways 
and thickness of the deck too far above the water line to be of good 
service and it increases the size of the dangerous space laid bare in 
rolling and pitching. An increase of the freeboard permits this deck 
to be lowered by giving an increase of reserve buoyancy. Projectiles 
penetrating at or above the water line open water-courses into com- 
partments where the minimum of evil effect is produced, since, being 
above water they are easily cleared, whilst the safety of the under 
water sections from flooding is preserved and their area is reduced. 
The slight increased protection offered by the deck against penetra- 
tion of the side is carried down to the most vital point, and a mate- 
rial reduction in weight of side armor is effected. In the construc 
tion of all European iron-clads, these considerations lead to placing 
the armored deck even much lower down, it being generally found at 
or near the lower edge of the armor. In these monitors, however, the 
necessarily light draught giving a reduction of available height for 
boilers and engines, the probability that combats in which these ves- 
take part will be in comparatively still water, and the small surplus of 
buoyancy allowed, necessitates fixing the height of the deck at the 
water-line, the water-ways being somewhat below in accordance with 
the round-up allowed to the deck. 

In thus lowering the height of the armored side a material saving of 

















— ~@an A ae Ue 


— see i 











SUITED TO THE NEEDS OF THE UNITED STATES. 71 


weight is realized, which may be estimated at one seventh of the total 
weight of side armor (this estimate allows an original total height of 
armor of seven feet, which is at least six inches more than is actually 
the case). The weight thus saved it is proposed to utilize in the con- 
struction of the unarmored superstructure or additional freeboard. 
As before stated this superstructure gives a clear freeboard of six 
feet all around. The iron for its construction may be # of an inch in 
thickness, with a six inch wooden backing or skin, such a combination 
furnishing the strength necessary to meet the strains to which it would 
be subjected in a seaway, whilst the backing reduces the shattering 
effect of piercing projectiles. Assuming the thickness of the strip of 
armor that has been removed to be five inches, (in reality the average 
thickness is considerably greater) , it will be found that only three-tenths 
of the weight is required for the iron plating; five-teaths is certainly 
an ample allowance for the angle iron frames, stringers, and light upper 
deck beams, leaving one-fifth of the weight to go towards making up 
the backing and the upper deck. This amount would without doubt 
suffice for the backing alone, but to make it certain the weight of the 
upper deck will be drawn from another source. The backing and 
sheathing of the armored deck it is proposed to leave in its present 
form, with the exception that, in place of the iron, steel two inch plates 
be introduced, whereby a saving of weight is gained which may be al- 
lowed to go into the backing of the superstructure, thus securing it 
from an under estimate. 

As a matter of course, the turret must be raised to give a clear fire 
over this superstructure ; that is, its height is increased six feet, and 
provision must be made for that much increase of armored protection 
about it. In mounting the turret it is proposed to adopt the French 
system rather than the English. That is, instead of having the turret 
mechanism protected by what may be termed an outside casemate, 
with a glacis at the joint, to make the turn-table smaller, resting it on 
the periphery of a second turret whose exterior diameter is slightly less 
than the interior of the turret proper, the latter resting on the rollers 
through the medium of a shelf-piece or ring around its interior lower 
part. The lower edge of the turret is carried down one foot lower 
than at present, covering the joint and protecting the rollers. The 
second turret, or, as it may be called, the casemate, since it is fixed 
and protects the space between the armored deck and the turret prop- 
er, should be of the same composition as the upper one. The weight 
of the turret proper as at present arranged is about a hundred and 
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ninety-six tons. Increasing its depth by one foot, to give the required 
protection to the joint gives an additional weight of twenty-two tons, 
whilst the weight of the casemate calculated in accordance with the 
measurements of the turrets is sixty tons; add to this two tons esti- 
mated for the change in the revolving mechanism, twelve tons for five 
water-tight bulkheads intended for the division of the superstructure, 
and twenty tons for the upper deck, and a total weight of a hundred 
and sixteen tons is reached, which must be drawn from some other 
source. It is intended to leave the weights and position of the pilot- 
house, smoke stack, air duct and accessories, above the armored deck, 
as at present. 

in the discussion thus ‘*r, the weights considered have been dis- 
posed as would be found oa a monitor of the Lehigh class, that is on 
a wooden hull. This hull absorbs, as near as can be estimated, some- 
what over sixty-two per cent. of her entire displacement tonnage. 
The best European authorities give as the general weight of iron bull 
of monitor types of vessels from thirty-two to thirty-four per cent., 
falling in the case of the Javari, which is of the type under con- 
sideratioa but whose extremely flat bottom lightens the necessary 
weight considerably, to twenty-nine per cent. In the transformation 
ef the Miantonomah, the hull is over-weighted, reaching fifty per cent. 
These lighter monitors however should certainly not pass forty per 
cent., and by making this the limit of weight, a saving is made in a 
two thousand ton vessel of four hundred and forty-four tons. This is a 
perfectly legitimate deduction, since the weights that have been treated 
of have been borne by United States monitors of eighteen hundred and 
twenty-one hundred tons, whose hulls by transformation from wood to 
iron, without alteration of the measurements, may be lightened the 
above amount of twenty-two per cent. Taking from this saving the 
accumulated one hundred and sixteen tons, a surplus of three hundred 
and twenty-four tons remains free for distribution. 

Of this amount of spare weight, it is proposed to devote a hundred 
and forty tons to the engines, boilers and coal supply to give the vessel 
maximum speed of eleven and a half knots, with fuel for ten days 
steaming at ten knots. Sixty tons should go to the armor, which, 
taken in conjunction with a proposed alteration in the side armor, will 
permit the application of an upper strake over the middle third of the 
frames of seven inch compound steel and iron plates, diminishing for- 
ward and aft to five inch plates, with four inch steel plates at the ex- 
treme end sections. The lower strake of armor should be altered to 
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five inch compound plates with four inch steel forward and abaft the 
middle third. Finally, the turret armor may be made up of two five- 
inch plates with a six inch wood backing and a half inch skin plating. 
In this division, the weight of engines and boilers is increased by six 
per cent., the coal supply one per cent. and the armor as much as 
twenty per cent., leaving still a disposable weight of a hundred and 
twenty-four tons, which great surplus is left to cover ail deficiences. 

Doubtless this seeming assumption of rough estimates gives but 
little confidence in theirtruth. In an essay, however, a more extended 
particularization is scarcely permissible, and, to give a greater evi- 
dence that these estimates are within bounds, attention is drawn to 
the following points: Ist, an allowance of a hundred and twenty-four 
tons is made for differences of opinion as to the estimates of the 
weights cited; 2nd, the distribution of weights gives a heavier hull, 
lighter engines, boilers, and coal supply, and lighter armor than would 
be obtained by using the proportions of the displacement found in the 
average of European vessels of this type; 3rd, the type of vessel 
described has almost its exact counterpart in the Dutch monitors of 
the Guinea class, which have proved perfectly satisfactory after a 
test of from four to ten years. 

One more modification requires attention. The elevation of the tur- 
ret demands an alteration in the lines of the vessel with a view of re- 
taining stability and steadiness in a sea way. The reduction in the 
height of the side armor compensates in a degree for this elevation of 
weight. For the general form of the hull, that adopted in the new 
Miantonomoh is proposed, gaining thus a well-proportioned and power- 
fulram. Whilst the length between perpendiculs and breadth of 
beam remain about the same as in the Lehigh class, the draught is in- 
creased one foot. 

It is understood then, that the type of harbor-defence or ligkt ar- 
mored vessel proposed, is in general the same as the present United 
States single turreted monitor, the main alterations consisting in the 
elevation of the turret six feet, giving greater command of artillery 
fire in smooth water, and facilities for going safely into action in a sea- 
way, the addition of an unarmored superstructure six feet in height, 
adding to the sea-going qualities by giving a better freeboard, furnish- 
ing better quarters for officers and crew, and by bringing them up 
above the armored deck, increasing the spare space below so that 
room is given for the necessary increase of engine and coal space; 
lowering the armored deck to a better position, and giving the vessel 
& ram and a more pronounced dead-rise. 











74 TYPE OF ARMORED VESSEL AND CRUISER 


The apparently weak point about this typical vessel is the unarmored 
superstructure, and since in the opinion of the writer of the essay it 
may be applied without endangering the safety of the vessel in action, 
a word in its defence is necessary. It is assumed that no seaman will 
deny that such a superstructure increases the sea-going qualities of the 
vessel, provided that the lines of the ship are so trimmed as to at least 
retain her original stability and steadiness, and certainly this is far 
within the limits of possibility. The danger from this superstructure 
is then entirely confined to the possibility of flooding it in action and 
destroying the reserve buoyancy. Now it is claimed that the maximum 
of defensive power has been given to the monitor from the water line 
down, which would not be materially increased by adding to it the 
weight allowed for the superstructure, which in any event would go 
more to strengthening the middle than the end sections. A projectile 
penetrating the side below the armored deck gives rise to the greatest 
possible danger, therefore it needs no demonstration to show that this 
deck should be placed as low down as possible, due regard being had 
to other requirements. In this respect then the adcition of a super- 
structure permitting the bringing of this deck to the water-line in- 
creases the defensive strength of the vessel. It will be argued that if 
this superstructure be punched full of holes, the reserve buoyancy will 
be destroyed. Now it is argued that holes in it which are*three feet 
above the water-line will not seriously endanger the buoyancy, except 
a combat be in a seaway that would seriously hamper if not entirely 
prevent an action. It is held therefore that the danger is limited to a 
strake three feet in height above the water-line. Now this superstruc- 
ture weight has allowed for five transverse bulkheads, and it is claimed 
that allowing a shot coming in forward to pierce all five bulkheads, 
making such a gap that one of them could be filled in so short a time 
as two minutes, the resistance to the flow of the water offered by even 
remnants of the others, would permit those compartments to be kept 
easily free of water by steam pumps of ordinary power. To endan- 
ger the safety, therefore, all the compartments must be pierced, each by 
more than one shot. It is claimed that this will not happen in engage- 
ments between iron-clads, for the reason that the enemy will seek not 
to destroy these compartments but to strike the water-line, turret, 
steering gear and other vital parts. The truth of this assertion seems 
to be eminently supported by examining the results of actions between 
vessels happening within the past twenty years. It would seem as if 
the last action of the Huascar offered a fair example of the destruc- 
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tion that might be expected. This vessel was placed between two 
fires and sustained an action at close range for over an hour. She was 
disabled and captured, and yet her reserve buoyancy was not seriously 
threatened, although she presented a target not unlike the one pro- 
posed. In the melee of Lissa, the artillery fire did not endanger the 
buoyancy of any vessel in either fleet, although certainly some of the 
vessels were hit and pierced enough to satisfy the demands of any one. 
The only case in which the danger does occur is in a prolonged at- 
tack at short range on coast defences, and herein lies the basis of the 
whole argument. In the well-known discussion with regard to the In- 
flexible’s lack of reserve stability, it was not her danger in fighting 
iron-clads that was feared but her weakness in sustaining prolonged 
attacks on shore defences. It was pointed out in a former portion of 
this essay that these light monitors are not intended for such work 
except as auxiliaries, their province being essentially ship-fighting ; 
heavier iron-clads must be provided for dealing with the coast for- 
tifications. It is contended therefore that the superstructure is under 
all circumstances a benefit and in no case a danger. 

Since this arrangement of superstructure is faulty in the case of at- 
tacks on shore-defences, an expansion of the type in the heavier mon- 
itors will not prove satisfactory, and an alteration becomes necessary. 
In the opinion of the writer of this essay, all the qualities demanded 
of these heavier monitors are found most advantageously distributed 
in vessels copied without change from the Orion and Belleisle 
type of British iron-clad vessels, or, to use a name more generally known, 
in the Dreadnought class of vessels reduced. It is considered, al- 
though no calculations have been made to ensure the estimate, that by 
substituting compound steel and iron armor for the iron of the Belleisle, 
carrying in the casemate, so that it will barely enclose the turrets, 
transferring the pilot-house and mounting it on a spindle over the 
forward turret, abolishing the large glacis, made necessary by the sys- 
tem of muzzle loading, and substituting steel breech-loading twelve 
inch guns for the Woolwich type, such a reduction in weight will be 
made that the displacement may be reduced to forty-two hundred tons 
an’ the maximum draft to within eighteen feet. 

These then constitute the types of iron-clad vessels best suited to 
the present needs of the United States. It is plain that none of the 
old iron-clads can be economically rebuilt to meet the requirements 
demanded, but, whilst these vessels still retain a semblance of strength, 
a wise system of construction will enable the substitution to be made 
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quietly, certainly, and without any appreciable increase in the yearly 
amount appropriated for constructional purposes. The following table 
shows the proposed peace strength and its distribution. 





ARMORED STRENGTH DETAILED. 
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The circumstances governing the general type limitations of the un- 
armored fleet have already been discussed, and it only remains to give 
the details of the modifications required to fit them for the present 
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needs. The total effective unarmored strength of the United States at 
the present time, including all steam vessels of a displacement exceed- 
ing three hundred tons, except the heavy navy yard tugs, is repre- 
sented by fifty two steam vessels; and it is considered that, judging 
from the present squadron demands, the methods of cruising and re- 
lieving, and the yearly appropriations that may be depended upon, if 
these vessels were all in a condition to be made available within six 
months from any given time, they would be sufficient to fairly fulfil the 
necessities of foreign and home service. Since, however, the prolong- 
ed or arduous service under certain circumstances reduces the effect- 
iveness of ships to such a degree that they are made unavailable for a 
year or more, it is considered that the full cadre of the navy list 
should not fall short of sixty vessels off the stocks, in order to realize 
a force of fifty vessels available within six months. 

It has been demonstrated that this force should be mainly composed 
of vessels of a medium class, reinforced by a contingent of heavier 
vessels on certain squadrons where their services may be suddenly re- 
quired. Since the main services of all these vessels are confined to 
the necessities of peace or neutrality, the element of economy must 
have great weight in the distribution of the force. Furthermore, the 
limited number of men allowed for the total active personnel exerts a 
great influence on the regulation of the displacement tonnage. 

Of all the different stations occupied as craising grounds by United 
States squadrons, the Mediterranean, Asiatic, and Home require in 
their complement at least one vessel of the heaviest class represented 
in the Navy, the first two squadrons on account of reasons heretofore 
given, the last because of the great probability that in case of a war 
or a disturbance threatening one, the Atlantic coast would become the 
theatre of the most immediate and active operations. In order that 
this representation shall be continuous, the number must be doubled 
in order to allow a relief vessel. The isolation of the Pacific coast 
and the strength of foreign squadrons kept in those waters demand an 
allowance of certainly one vessel capable of carrying the heaviest bat- 
tery to be used by unarmored ships, and in the total complement one 
more is allowed to make up for loss of services due to repairs of over 
a year’s duration. In this estimate, then, eight vessels are allowed 
for the highest tonnage, or about thirteen per cent. of the total num- 
ber. It seems to be well established that vessels of the Minnesota 
class are too heavy for economical service, and the results obtained 
from the prolonged cruise of the Trenton seem to point to this vessel 
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as representing a satisfactory maximum weight. The course adopted 
in all foreign navies, as well as the teachings of the experience of the 
last twenty years in our own, distinctly point to the wisdom of having 
the main body of the Navy consist of vessels ranging in displacement 
tonnage between one thousand and twenty four hundred, that is, from 
ships of the Swatara class to those of the Alaska, and it is considered 
that whilst sixty per cent. of the force should consist of these vessels, 
the interests of economy and effectiveness are best served by having 
double the number of the lighter vessels, or, to give more exact limit- 
ations, to have twelve ships of from two thousand to twenty four hun- 
dred tons displacement, and twenty four of from eleven hundred to 
eighteen hundred tons. By this arrangement, there are left of our to- 
tal force sixteen vessels for a tonnage of from six hundred to one 
thousand. 

Taking the Trenton as a basis in the discussion of the modifications 
required, it is considered; Ist, that a greater effectiveness would be 
secured by reducing the calibres of her broadside battery and increas- 
ing the number of guns. Her battery, as it stands at present, has a 
calibre at least a half an inch greater than the average found in Eu- 
ropean vessels of a similar tonnage. In the development of smooth- 
bore ordnance, it was certainly a wise policy of the United States gov- 
ernment to keep a high range of calibre even at a sacrifice of number 
of guns, but whilst the resisting power of the sides of unarmored vessels 
remains the same or in fact has become less, the great increase in power 
gained by the introduction of the rifled gun, has led to a possibility of 
overreaching the effective limit. This, it is considered, has been done 
in the case of the Trenton. Comparing her with the British Euryalus, 
it seems unquestionable that the sixteen seven inch guns of the latter 
vessel are superior in effectiveness to the eleven eight inch guns of the 
former. Ina broadside action the Euryalus brings nine guns into 
action againt six of the Trenton’s. It is suggested that for the gun- 
deck battery of this vessel ten long seven-inch steel breech-loading 
rifles be substituted for the eight-inch, thereby saving in weight at 
least three tons. 

In order to secure a powerful bow-fire, arrangements are made on 
the Trenton for transporting the forward pair of main deck guns to 
forward ports, the bow-frames being given a flare out at the gun-deck, 
and the hawse-holes being carried down below the gun-deck beams. 
Any arrangement by which broadside guns must be shifted in order to 
command increased firing angle is faulty, in that it requires limitations 
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in the position of hatches, chains, galley, and other important adjuncts 
of a gun-deck outfit. Furthermore, as long as head-booms with their 
rigging are carried, no reasonably good bow-fire can be secured from 
the gun-deck. It is contended that all bow-fire belongs properly to 
the spar-deck equipment where only it can be made effective. It is 
suggested, therefore, that the hawse-pipes be restored to their normal 
position, and, whilst one port in addition to the bridle-port is left free 
for use in certain unforeseen contingencies of action, that the ten guns 
be put in broadside strictly with a view to their being fought in their 
proper ports. 

In the arrangement of the spar-deck battery especial attention should 
be given to securing good fore and aft fire which is necessarily neg- 
lected on the gun-deck. In place of the present pair of eight-inch how 
guns, which unquestionably over weight the extreme bow and give ut 
a doubtful straight ahead fire, a single seven-inch is proposed, which will 
certainly have as great a command. By suppressing the channel-w ys 
and setting the rigging up at the water-ways as is done in all French 
first and second rates, two seven-inch guns may be mounted in project- 
ing half turrets just abaft the fore top-mast, backstays, giving a com- 
plete forward and beam fire without encumbering the gangways. Two 
other seven-inch guns should be mounted just forward of the mizzen 
rigging in the same manner, whilst abaft the mizzen-mast a single 
seven-inch pivot mounted amidships completes the after fire. With 
this disposition the Trenton secures the same broadside strength as the 
Euryalus, with an increased fore-and-aft command. With five more 
guns than are carried at present the total weight is not increased, nor 
is efficacy sacrificed. The bow-fire is reduced from a doubtful four gun 
command to a certain three gun one, whilst the bow itself is relieved 
from a great weight and the hawse-pipes are brought up to their 
proper position. 

2nd. The ship herself should be built of iron, sheathed with wood 
and coppered, having a double bottom and wing passages. No explan- 
ation of the necessity of this modification is necessary. 

3d. The weight saved by these modifications of hull and battery 
should be devoted to an increase of the horse power of the engines and 
the coal supply. 

4th. A modification is urged as being of great importance, although 
hitherto it has received but slight attention in the United States. In 
all foreign men-of-war of the first or second class, it will be found that 
a bridge is erected forward of the foremast for the officer of the watch, 
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and on this bridge is placed the service steering wheel. By this ar- 
rangement those persons upon whom the whole safety of the ship de- 
pends at night are placed in a position where, under all circumstances, 
they may act intelligently. The officer of the watch has the helmsman 
and the binnacle compasses directly under his eyes, and is not obliged 
to depend either upon the vigilance of others for keeping a proper 
lookout, forward, nor upon the watchfulness of a quarter-master in keep- 
ing a steady course. The suggestion of this modification, as having 
a direct bearing upon alteration in type, may appear superfluous, but 
since it deals with the removal! of the steering-wheel from its time hon- 
ored place at the mizzen-mast it is considered of sufficient account to 
be noticed, especially as it is liable to meet with opposition from those 
who are married to the old styles and principles. With the minor mod- 
ifications influencing ventilation, light, cleanliness, and the general san- 
itary condition, it is considered the essay is not called upon to deal. 
The type of vessel, then, represented by the Trenton, with these modi- 
fications, is the one proposed for the heaviest rate. 

It may be urged and doubtless will be with reason that there are 
many circumstances of action, especially against shore defences where 
the seven-inch rifle will be scarcely of sufficient power to accomplish de- 
sired ends. ‘To meet these exigencies batteries containing this calibre 
must be provided, and it would seem that the next smaller rate of ves- 
sel offers good opportunity for the disposition. The Alaska is taken 
as the basis of this type, her counterpart being found in improved 
condition in the C class of British corvettes. These vessels like the 
heavier ones should be built of iron, sheathed, with double bottom 
and wing passages. It is proposed that the under water lines of 
these vesssels be kept as at present, their great excellence having 
been fully established. It is proposed that the top-gallant forecastle 
be lengthened somewhat in order to give galley room and increased 
berthing space. For the battery, it is proposed to mount a sixty-pdr. 
rifle on the forecastle as at present, just abaft the forecastle an 
eight-inch rifle pivot-gun, and a similar one on the quarter deck, 
eight six-and-a-half inch rifles in broadside, and at the break of the 
poop a modification is proposed having for its object an opening of 
the stern fire command with an increase of weight of broadside. 
The English method of accomplishing this result is by mounting a 
single seven-inch gun on turn-tables in the cabin, the quarter upper 
works being cut in to open the fire. There are two objections to this 
style. First ;—it makes necessary the faulty shifting pivot, which in 
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this case is much more complicated than with the American system of 
swinging about a long stide. Second, it destroys a great amount of 
valuable space. It is now the general custom to decorate the quarters 
of all vessels with large quarter-galleries, which are no doubt great- 
ly conducive to the comfort of the commanding officer. If, in place 
of these, similar uncovered galleries be built out on the spar-deck 
level at the break of the poop, room is given for the introduction of 
two sixty-pdr. rifles that will give a clear stern and beam fire. By 
this arrangement, whilst one less gun is carried than in the C class of 
corvettes, the same number of guns is given for a broadside with an 
increase of weight of metal due ‘to a greater concentration of battery 
and a greater command of stern fire, whilst the eight-inch calibre 
necessary for heavy work is provided. All nations consider it of 
great importance to open a clear stern fire. The method adopted by 
the British is the one generally followed. In France however the 
poop-cabin is suppressed and a heavy center pivot rifle gives good all- 
around fire. In the United States Navy it is the invariable custom 
to completely block the stern and quarter fire by the poop-cabin. 
The method suggested above, it is urged, is practicable, and thoroughly 
accomplishes the object without a waste of space. 

The next class of vessels is represented by the Essex, and since the 
size of this vessel especially adapts her for a commerce destroyer, 
which service, as was demonstrated, is one of the main war probabil- 
ities for the United States, her battery should be arranged with a 
special view to this service. For this reason it is proposed to devel- 
op the strength of bow-fire to the utmost, and to thoroughly accom- 
plish this it is proposed to suppress the present forecastle pivot and 
heavy forward rifle pivot. In place of these guns, two sixty-pdr. rifles 
are proposed to be mounted in ports well forward of the fore rigging, 
the side forward being cut back sufficient to give a clear bow-fire. 
Abaft these guns, two six-and-a-half-inch rifles in broadside and on 
the quarter deck, two six-and-a-half-inch and two sixty-pdrs., the lat- 
ter in galleries for opening the stern fire as heretofore described. This 
arrangement gives a good all-around fire and a maximum of broadside, 
whilst all guns are kept on the broadside carriages. These vessels 
should be of composite build, and it is proposed that a clear gangway 
shall reign from the steerages forward to the berth-deck. The galleys 
should both in this and the other spar-deck vessels go under the top- 
gallant forecastle. 
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The lowest class of vessels proposed should resemble in general type 
the next higher, a change being made in the disposition of battery 
corresponding with the services which their light draught is liable to 
impose upon them. Since the next higher class has a battery com- 
posed entirely of medium calibred guns, these smaller ones should 
fill the gap in weight of metal as is done by the second class with 
reference to the first. The battery proposed is, four sixty-pdrs, two 
forward and two aft, arranged as in the next higher class to open fore 
and aft fire, two seven-inch pivot rifles, one forward and one aft. 
These vessels should be composite built. , 


In this, then, is represented the total proposed unarmored fleet for 
general service. Although the bows of all should be heavily strength- 
ened and provided with collision bulkheads as a preparation for a re- 
sort to ramming, the application of a forged snout is not recommended 
for any except the first class, the others not being able to carry it, on 
account of the fine lines forward and the necessity for securing as 
much buoyancy forward as possible. The assemblage of the force is 
represented in the following table. 


UNARMORED FLEET. 
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Present displacement tonnage of the unarmored fleet, 107,690. 
Proposed Increase represented in eight additional vessels, 710 tons. 
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-It may be considered that in view of the great increase in tonnage 
proposed for the armored fleet which is the passive one, the small sup- 
plement of 710 tons fora constantly active fleet is ridiculously small, 
but there are several considerations that must not be lost sight of: 
ist, of the total present tonnage, a very large proportion is swallowed 
up in the vessels of the Wabash class which is a clear loss to the ac- 
tive force; 2nd, in this actual tonnage several vessels are counted 
which in reality have no business on the active list; 3d, in case of the 
sudden outbreak of war the unarmored fleet can be readily reinforced 
by vessels drawn from the merchant marine and new vessels can be 
quickly constructed ; 4th, the unarmored fleet represents the offensive 
and the armored fleet the defensive strength of the country. To the 
latter then must be given the most thorough development. The first 
need of the country is for a secure defence, and, whilst, the small unarm- 
ored fleet is sufficient to prevent complications in time of peace, it is 
in this very time of peace that the armored defensive strength should 
be carefully and strongly developed, that it may form the strong back- 
bone of the Navy, able to support the hastily constructed auxiliaries 
that a war would bring forth. 














84 PROFESSIONAL NOTES. 


THE EFFECT OF GREAT COLD UPON MAGNETISM. - 


An investigation upon the magnetic condition of steel and upon the 
magnetic permeability of iron is now being made in the Physical Lab- 
oratory of Harvard University by Prof. John Trowbridge. The pre- 
liminary experiments are interesting, since they show that very low 
temperatures exercise a far greater influence on the magnetic condi- 
tion than has been noticed by previous observers. 

Wiedmann found that a bar of steel which was magnetized at 6°C 
or 8°C gave at 4°C and —25°C intensities represented by 5.08 and 4.90, 
This represents a loss of less than four per cent. In Trowbridge’s 
experiments the bar magnetized at 20°C lost when subjected to a tem- 
perature of about 60°C a far greater per cent. In one case a bar 
magnetized to saturation lost sixty-six per cent. In another experi- 
ment the bar lost in forty-seven minutes nearly two thirds of its mag- 
netism. After the same bar had been aie sans J twenty four hours 
to the temperature at which it was magnetized its magnetic condition 
was fifty per cent. of its original state. The low temperature employed 
was produced by a mixture of solid carbonic acid and ether. 


American Journal of Science, April, 1881, pg. 316. 
C. E. M. 


TRIAL OF A SECTIONAL 6.5CM.MOUNTAIN HOWITZER. 


This gun tested at Krupp’s works was of the following dimensions :— 
calibre 65mm.; length 1,800mm.; length of bore 1,660mm.; weight 
including lock 180 kg ; number of grooves, 12; depth of groove 1mm.,; 
width of lands 2.5mm.; width of groove 14.5mm.; twist of groove, 
once in twenty-five calibres; total length of groove 1,625mm. The 
gun was divided into three parts, the breech with the lock, the chase, 
and the trunnion section, the two former being joined together by 
threads upon the latter. For convenience in transport, the piece is 
divided into two parts only, the trunnion section remaining attached 
to the chaze ; end tither part may be transported on a single animal. 
The threads of the screws are protected from damage by brass caps, 
which screw on by hand. The carriage consists of side pieces of 
stamped sheet steel properly braced, with elevating screw, steel axle 
and wheels on the Thovet plan. The carriage ready for action weighs 
181 kg.; it allows of 20° elevation and 8° depression to the piece. The 
charge used is 750 grms. of coarse grained cannon powder. The shell 
and shrapnel, 3.38 calibres in length, weigh 4.1 kg. The velocity, 
measured at 40m. from the muzzle, averaged about 394m. Each day 
of firing, the gun was taken apart and put together, requiring from 
fifteen to twenty-five seconds for the first operation, and thirty seconds 
for the last. In range and accuracy the gun was found very satisfac- 
tory ; the mean range of eight shots, with an elevation of 6° 18’, being 
2501.6m. 

Translated from the Mittheilungen uber Gegenstande des Artillerie 
und Genie-Wesens, Fifth Part, 1880, by Prof. C. E. Munroe. 
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THE TYPE OF (I) ARMORED VESSEL, (ID CRUISER, 
BEST SUITED TO THE PRESENT NEEDS OF THE 
UNITED STATES. 


By Lieut. Seaton Scuroeper, U.S. N. 
“ In via virtute via nulla.” 


Mr. PRESIDENT AND GENTLEMEN :— 

The attention of this Institute has been invited to the naval pen 
of our country. Ata time when public sentiment, as reflected in the 
leading papers, appears to be awakening to a sense of our necessities, 
a more interesting topic could not well be selected. 

Of the two principal classes of vessels required to perform the ex- 
tremely varied duties that devolve upon a fleet, we will first consider— 


THE ARMORED VESSEL. 


Some eighteen years ago Mr. Ericsson’s uncanny looking production 
gave a most vigorous, almost a creative, impulse to a wave of revolu- 
tion in naval warfare. That wave left our shores soon after, to ebb 
and flow in all the channels of human knowledge and ingenuity that 
so enlighten parts of the old world. It would ill become us, at this 
juncture, to close our eyes to the panorama spread before us, and re- 
main insensible to the march of professiona! thought and the develop- 
ment of mechanical skill. 

In Great Britain’s magnificent, heterogeneous fleet, all the changes 
have been rung in the theory as well as practice of naval architecture, 
until one principle now seems to have been adopted, to which others 
are subordinated. While that country in her liberality has been car- 
rying on experiments, even to the extent of subjecting one class to 
an ordeal ruder than is probable in war, many other nations have 
clung to earlier ideas, or sometimes have accepted the results obtained 
by their insular friends. 

Different foreign policies regulate the cost of construction and main- 
tenance of fleets; but the formation and geographical situation of 
coasts must have a voice iu determining some points in the individual 
ships composing those fleets. Designers of vessels should first exam- 
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ine the special requirements for the protection of certain coasts. In 
all cases this does not seem to have been very carefully done. In the 
old world we see one country, centrally situated in the placid Mediter- 
ranean, whose naval administrators are vesting their means in huge 
floating targets, carrying guns at a height of thirty-two feet above the 
water. In the new world, whose shores, far from being washed by a 
placid sea, are noted as among the most dangerous in certain seasons, 
the naval defense is entrusted to vessels with thirty inches of freeboard, 
and guns about six feet from the water. True in the latter case great 
bays are found everywhere and shelters for unseaworthy craft are 
numerous, while in the former they are the exception. But, in the one 
case, the ability to obtain a plunging fire hardly seems to out-weigh 
the great cost and unwieldiness, while, in the other, the smallness of the 
target presented seems to be extreme when it results in helplessness in 
a sea Way. 

The coasts of the United States have twice the development of those 
of Italy, and sending a force from point to point in the Atlantic can- 
not always be done under as favorable circumstances as in the Medi- 
terranean. Our isolation is often quoted as an element of defence, no 
powerful iron-clad being able to cross the ocean and have coal enough 
left on board to warrant blockading or attacking the ports or bays 
where our little monitors and torpedo-boats would harass them. That 
theory is fallacious, and the supporters of it must forget the convenient 
coaling and resting places that several nations have at our very thresh- 
hold. The only benefit derived from our isolation is that we are the 
less apt to be drawn into other nations’ quarrels. 

Whether we are to build vessels or not lies with our legislators. But, 
if the means are supplied, what we require is a vessel that can proceed 
in any weather from the Rio Grande to the St. Croix, and meet the en- 
emy at any point. Build vessels with one inch free board and daring 
spirits will come to the front and take them to sea as they did eighteen 
years ago. But that does not prove it to be advisable. C’est magni- 
fique,mais ce n'est par la guerre. Our vessels may be needed to patrol 
the coast, or guard a port; they may be called upon to carry the war 
into Africa, if only to the extent of making a dash at some of those 
outlying ports that menace us in the southeast, or northeast; or their 
presence may, in the distant future, be required at the isthmus. What- 
ever be the duty allotted, they should be of such build as to leave port 
under any circumstances, weather a November gale, and meet the ene- 
my on fair terms. 
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’ One great peculiarity in the formation of our coasts is most puzzling 
to the naval architect in his desire to derive increased benefit from it. 
The shallowness of the water in many ports is in itself a powerful ele- 
ment of defense, limiting, as it does, the number of possible points of 
attack by heavy vessels, It is certainly incumbent upon us to increase 
to the utmost the value of that advantage by giving our vessels as light 
draught as possible, without detriment to the other more necessary qual- 
ities of seaworthiness and speed. The fate of the late Independencia, 
when decoyed into shoal water by the Covadonga, emphasizes this ree- 
ommendation, as it would leave the lighter vessel freer to manceuvre in 
action, and enable her occasionally to cut off corners in chase or flight. 

With this.one exception we have to be guided by much the same 
rules as in other countries. In trying to meet all requirements a broad 
field is open and many competitors have entered the lists, but the vic- 
tors have yet to be proclaimed. The prime requisites may be said to 
be: seaworthiness, or ability to keep the seas for an extended period 
in fair weather or foul ; speed sufficient to be able to repair quickly to 
any threatened point and cope. successfully with the enemy ; great of- 
fensive power, vested judiciously in heavy guns, the most approved tor- 
pedoes, and the ram supplemented by facility of evolution ; defensive 
power, obtained by heavy armor, a double bottom and numerous wa- 
ter-tight compartments; light draught to as great extent as possible 
without detriment to other qualities. The main difficulty of the prob- 
lem is in the harmonizing of these desiderata, Even leaving aside the, 
tous, most important question of economy, we see that the size necessa- 
ry to develop perfectly the first two qualities is restricted by the de- 
sired light draught. 

Displacement is certainly necessary to give the vessel hold on the 
water, speed, ability to carry the guns, coal and armor, and enough 
free board to ensure safety. It does not seem easy to fulfil the condi- 
tions with less weight than five to six thousand tons, which may seem 
large to our legislative and appropriating body, but is inconsiderable 
when compared with the vessels we may be called upon to meet. 

Selection of the material for construction has of course an impor- 
tant bearing upon the problem, as a decrease in the weight of the 
hull will admit of haying a less displacement or of increasing the coal 
supply. The art of working steel has not yet reached perfection, es- 
pecially in this country, and we may not yet be able to effect the say- 
ing of twenty per cent. in the weight of the hull that is claimed by 
the use of that metal in lieu of iron. For the frame it is unquestion- 
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ably well adapted, and steel girders can be manufactured perfectly 
well in America. As regards the skin plating there is perhaps room 
for discussion, although it has been successfully tried in England, and 
will without doubt eventually supersede iron entirely. Pending the 
development of that industry it is advisable to use steel only for the 
frames. By accepting iron for the skin we err on the safe side in the 
matter of weight, and if able finally to substitute steel we will simply 
gain a few more tons of coal. 

In these brief remarks on the material best adapted to the construe- 
tion of armored vessels, wood has been entirely eschewed, and it seems 
hardly necessary to prepare arguments against the use of that mate- 
rial. In cruisers for the high seas there may possibly be some differ- 
ences of opinion, but even our ‘imited experience on this side of the 
Atlantic, the necessity that we have been under of reconstructing our 
wood-built iron clads, makes it needless to refer to more extended facts 
and figures. In the design of an armored vessel fur our particular 
service we would even discard the wood and copper sheathing over the 
bottom. The general advantages of that species of protectiun against 
fouling are of course well known to all, as well as the disadvantages, 
In the special case under consideration, the desirability of limiting the 
draught, and the possession of fresh water rivers, where the vessels 
could remain the greater part of the time, seem rather to indicate the 
propriety of trusting to anti-fouling composition on the bare iron, and 
save the six per cent. additional weight of hull entailed by the wood 
sheathing. 

Almost all admiralties have recognized the necessity of sea-worthi- 
ness, and therefore, of a considerable size. In this, also, as in all com- 
petitions for supremacy of any kind, an extreme has been reached by 
some of the contestants, and, having swelled the weight of war vessels 
to fourteen thousand tons, the tide will probably slack in that diree- 
tion, and resume the more normal level indicated by the Agamemnon, 
Richelieu, et al. 

Apart from the question of size, the divergence of opinions is still 
wide in regard to the protection of water-line and battery, shape of the 
hull and relative value of different weapons of attack. In Englaud 
after many experiments and changes the revolving turret system has 
prevailed, supplemented by protection of cnly the central portion of 
the ship. The French seem wedded to the open-top turrets supplemented 
by complete water-line protection. The Russian fleet comprises 
formidable belted turret vessel without a projecting ram. The fact of 
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the turrets having been taken out of another vessel of the Imperial 
fleet, in consequence of the disaster that befell the Captain, bespeaks a 
lessened confidence in that system, while the conduct at sea of the 
Czar’s new “ yacht” was, in the opinion of Sir E. J. Reed, “full of 
significance as regards the possible steadiness of gun-platforms in ships 
of war.” Protection for the battery and complete exposure of the 
water-line, after passing through various stages in the Inflexible and 
Duilio, have finally reached a maximum in the Italia, which vessel in 
action will be not unlike a man facing a north wind with a fur coat 
and bare legs. In addition to these special features, we see hosts of 
casemate and central-citadel vessels in various parts of the world. 

Each nation, it is presumed, has faith in the type it has selected, 
but that faith is truly “the substance of things hoped for, the evidence 
of things not seen.” When the crash comes in European politics, that has 
been predicted for so long, some valuable lessons may perhaps be drawn. 
Practical experience in modern naval warfare has so far been scarce. 
As far back as 1866, in the Donnybrook Fair engagement off the island 
of Lissa, the difficulty was demonstrated of successfully ramming an 
enemy in motion. The same difficulty bas been experienced on more 
than one occasion within the last four years, off the South American 
coast. On the other hand the destruction of the Ré d'Italia is not need- 
ed to illustrate the tremendous power of offence centred in the ram’ 
The frequently unavailing efforts made by vessels of the same fleet to 
avoid avnihilating each other by the involuntary use of that weapon, 
are but too eloquent. 

Various deductions have been drawn in the armor question from the 
accounts of the Huascar’s last struggle in Peruvian hands. One point 
certainly seems to be decided, and that is that armor, if not thick 
endugh to keep projectiles out had better be abandoned where men are 
stationed, for it only serves to explode the shells which might otherwise 
merely pass through injuring only what they struck. The “ dédris” of 
the guns’ crews found in the Huascar’s turret, to borrow a graphic ex- 
pression from a paper in the United Service, bore ghastly testimony to 
that fact and to the terrible localization of shell effect in such confined 
space. One great advantage that the Chilian vessels had over their 
plucky antagonist was in their ability to command all points of the 
horizon with their guns, emphasizing a need that had long been ap- 
preciated. 

As a nation we are fond of our monitors, and have had faith in them 
since that memorable day in March, 1862, when Lieutenant W orden led 
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their pioneer to victory. And it is not without pardonable pride that 
we see the main features of the type accepted by the leading maritime 
nations, after some years of doubt. But we must remember that while 
we have been lying on our oars and resting after our great struggle, 
our trans-Atlantic cousins and other friends have been hard at work, 
and, by incessant study, research and experiment, have so improved upon 
our crude idea as to leave it barely recognisable in its: reproductions, 
Having started the ball ourselves, and allowed others to keep it rolling 
to what must be well nigh the end of its course, we may now with good 
grace look about us and adopt ideas pertinent to this new iron age. 

The advantages of the revolving turret system are the most com- 
plete protection of men and guns with a minimum weight, the self- 
support due to a circular form, the ability to fire toward every point of 
the horizon, the smallness of the target and rareness of its being struck 
with direct impact. This latter quality was the very raison d’ étre of 
the monitors. 

As before stated in this essay, the insuperable objections to these as 
they are now built, are the insufficiency of freeboard, which causes a 
very smal] reserve of buoyancy and inability to use the guns in a mod- 
erately heavy sea; insufficient thickness of protective metal; insuffi- 
cient weight of battery. That these last two defects were well appre- 
ciated by the boards of officers that examined the plans of the Ter- 
ror, Amphitrite, Monadnock, and Puritan, was shown in their recom- 
mendations that a greater thickness of compound armor be given them, 
and that heavy rifles be substituted for their smooth bore guns. Car- 
rying out these necessary recommendations will unfortunately lead to 
an increase of draught and displacement and decrease in speed and free- 
board. The latter will be reduced to two and a half feet. That is 
not enough either for safety or ability to fight at sea. The same 
smallness of target offered by vital parts may be retained with a much 
greater freeboard. Protect the water-line, machinery, and guns, and 
the rest of the ship may be shot away without affecting the issue of the 
fight. By raising the turrets so as to fire from ten to twelve feet above 
water, the body of the vessel may be brought up correspondingly high- 
er, greater safety insured, and comfortable quarters provided the offi- 
cers and crew. To avoid carrying the side armor up high enough to 
protect the bases of the raised turrets, recourse has been had to a mid- 
dle breastwork in several most formidable European vessels, and this 
plan seems to combine more good qualities than any other for a dis- 
placement of five thousand to six thousand tons. 
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With the preceding remarks in view we submit the following design 
for an armored vessel best suited to the present needs of the United 
States. The calculations are by approximate formule. More accur- 
ate computations may be made on preparation of the plans and slight 
alterations made when necessary. 

In general terms the vessel we propose is a breastwork monitor. 
The lower body is protected by heavy armor from just above the water- 
line to five feet below, and is covered by a plated deck. ‘The sides 
then rise to a height of seven feet fore and aft, having the shape and 
external appearance of an ordinary vessel. Within this hull a breast- 
work rises in the middle to the same height as the sides above the ar- 
mored deck, enclosing the smoke stack, ventilators and two turrets, one 
at each extremity. ‘These turrets are then seven feet above water and 
the guns about twelve feet, and the horizon will be swept by their fire 
as in our monitors. The bow will end in a spur supported and protect- 
ed by the side armor, which will be brought down over it with a di- 
minished thickness. ‘The steel deck will also be sloped down to it for 
additional support and to afford protection against a raking fire from 
forward. The propulsion will be by steam entirely, and applied by 
twin screws so as to ensure rapidity of evolution. Speed, thirteen 
knots. Dimensions and other details are as follows: 


Length between perpendiculars, 270 feet. 
Extreme breadth, oo * 
Mean draught, _ 
Displacement, 5,508 tons. 
Indicated horse power, 4,030 
Estimated speed, 13 knots. 
Coal supply, 480 tons. 
Engines, Compound. 
Screws, Twin. 


Ten-inch breech loading rifles, (or larger.) | Four. 
Reserve of buoyancy, (about) 44 per cent. 

The side armor consists of a middle belt one hundred and sixty feet 
long, from three inches above water to five feet below ; thickness at top 
ten inches, tapering to six at the bottom. Forward and aft of this 
the thickness diminishes to four inches at the top and three inches below, 
coming down forward and covering the ram with a thickness of two inch- 
es, The upper edge of the forward and after belts also drops to the water 
line. The backing up of the side armor to be of Georgia pine, ten 
inches thick at the middle belt and seven inches for the rest. A two 
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and a half inch steel deck lies flush with the upper edge of side armor, 
covered with three inch planking. Forward this deck runs down to 
near the point of the ram, which protrudes six feet at eight feet under 
water; aft it also slopes down to three feet under water. 

The breastwork, amidships, is one hundred and forty feet long and 
seven feet high above the steel deck. The width will be thirty four 
feet, external dimension, which leaves a gangway on each side, of about 
twelve feet. The armor plating on this breastwork is twelve inches, 
backed by ten inches of Georgia pine. The main deck within it is not 
plated, but the deck covering will be of steel two inches thick, and 
will form the glacis for the bases of the turrets. 

These, rising from just within the circular ends of the breastwork, 
are nine feet high, twenty eight feet in exterior diameter, and mail- 
ed with twelve inches of armor with an equal thickness of wooden 
backing (pine). On top the forward turret is the pilot-house, eight 
feet in exterior diameter, seven feet high, with ten inches armor, and 
a half-inch iron mantlet. 

The smokestack will be clad with ten inches of armor for a height 
of six feet above the breastwork, or thirteen feet from the water; and 
an air duct, one foot interior diameter, will be similarly protected to a 
height of four feet. 

All armor will be compound, iron with about one-third the total 
thickness of steel facing. The only exception is the deck, which is 
wholly of steel. 

The weights carried are approximately as follows: 


Hull (steel frames, and iron skin below water) * 1,653 tons. 
Battery (four 254 ton guns,) 102 “ 
Ordnance stores (ammunition, gun carriages and equipments,)135 “ 
Engines and boilers, includiug water, 825 “ 
Side armor. 345 “ 
Armored breastwork, 740 “ 
+ deck. 540 “ 
+ turrets and pilot-house, 395 “ 
Wood backing and bolts, 90 “ 
Armored smokestack and air-duct, 50 “ 
Coal, 480 “ 
Anchors and chains, crew, effects and provisions, etc., 150 “ 





5,505 
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A displacement of five thousand five hundred tons was not arbitra- 
rily taken, but is the least with which it is possible to satisfy impera- 
tive conditions. Calculations for a less weight were commenced, and 
it was found necessary to increase the size until that figure was reach- 
ed. Seventy per cent. was adopted as the coéfficient of fineness of the 
hull, which will be very slightly less full than our recently built mon 
itors, but rather more so than the iron-clads recently built abroad. 


The individ, tastes of nations in this matter seem very apparent; 
Italia, 591 Inflexible .679 
Duilio, .637 Dreadnaught, 697 
Friedland. .644 Miantonomoh, .713 
Amiral Duperré. 656 Puritan, 718 


When, as in our case, it is strongly desirable to keep the draught 
within certain limits, some sacrifice has to be made in fineness of 
underwater body, for the displacement cannot be made up by length 
and breadth. ‘There is a limit to the proportions of beam to draught 
for a vessel destined to see bad weather. The greatest innovation in 
that respect, the Livadia, may not yet be taken as proof positive of a 
successful idea. That she suffered no grave injury in her stormy trial 
is a notable tribute to the skill of the Clyde shipwrights, while the 
pounding of the waves on the bottom spoke loudly in condemnation of 
the principle as applied to sea-going ships. 

In regard to the breastwork, there would undoubtedly be advantage 
in having it rise in continuation of the side-armor, as in the Dread- 
naught. But the increase of weight would be such as ito demand a 
greater displacement, with the inconveniences of greater cost and heav- 
ier draught. 

Just a few details will give a sufficiently accurate idea of what we 
wish to produce. 


The vessel will be built of steel with an iron skin, and will have a 
double bottom. One longitudinal and seven transverse water-tight 
bulk-heads will extend from the outer skin up tothe deck at the water- 
line. These main compartments will be subdivided, as far as prac- 
ticable, into a number of minor ones, also water-tight, and all of them, 
including the cells of the double bottom, will be provided with pipes 
to flood or free them as may be desired. There will be no overhang, 
for the reason that if broad enough to afford protection against ram- 
ming, it might prove a fruitful source of injury in a sea way. 


The superstructure is not intended to contribute to the rigidity of 
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the hull, but must be made of such strength as to withstand the shock 
of the heaviest seas. Sharpshooters and the machine guns’ crews will 
probably be stationed there in action, but the majority of the crew 
would, of course, be in the turrets and fire and engine rooms. A hand- 
rail will be fitted on deck, to unship easily and drop flat inboard. 

The coal supply, limited to four hundred and eighty tons, will per- 
mit of none but compound engines. It is estimated by a liberal al- 
lowance (two and a half pounds per I. H. P. per hour) that that 
amount of fuel will drive her for a little over four days at thirteen 
knots. At the rate of ten knots an hour, it should last about ten days 
or twenty-four hundred miles; at eight knots, nineteen days or 
about thirty six hundred miles. A larger supply of coal would 
involve too great sacrifices in other points. A perfect ship of war 
is a practical impossibility. The one just described, under certain 
circumstances will labor under disadvantages; but, regard being had 
to all possible contingencies, we present the type as the most desirable 
for our navy. 


CRUISERS. 


In the design and construction of cruising vessels questions arise 
differing widely from those just discussed. 

The contrariety of opinions formed and expressed in regard to the 
type best suited to our present needs are due to the varied conceptions 
of a cruiser’s duty. In times of peace, men-of-war police the sea, ex- 
ecute surveys, and constitute schools of training for officers and men. 
But as these general duties can always be performed by whatever type 
may be selected, the whole matter hinges upon the question as to what 
service will be required of them when war, ultima ratio regum, follows 
unsuccessful arbitration. The various policies of attacking only the 
enemy's commerce, of resisting the advance of his iron clads, or of 
simply watching his cruisers, all have their advocates. 


The object of a war is generally to enforce the cession of land, money, 
ora principle. ‘Were we to devote our energies to preying on commercial 
vessels, we would undoubtedly make some valuable captures, which 
would make our enemy smart, but the smarting would be confined to 
the pockets of the few and the feelings of the many; the end of the 
war would be no nearer. As remarked by Admiral Jurien de la 
Gravitre “the successful depredations of twenty Alabamas would 
not have delayed the fall of Richmond one day.” We may add that 
one half that number combiniug to create a diversion or possibly raise, 
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for a few days, the blockade of one port, might have given a different 
coloring to some phases of the war. 

A glance at the more practical points involved leads also to the con- 
clusion that the policy of constructing war vessels simply to cope with 
merchantmen is erroneous. A high speed, equal to that of some of the 
trans-Atlantic packets, can only be attained by very large vessels. The 
horse power varying as the third, fourth, and fifth power of the speed, 
and as the two-thirds power of the displacement, it is the size «f these 
vessels that makes their speed possible. It is their speed that makes 
their size profitable. A small vessel, however fast in smooth water, 
could never make much headway against seas that would only reduce 
the speed of an Arizona, Brittanic, or Orient to fifteen knots. 

A perfectly efficient commerce-destroyer would therefore have to be 
very large and consequently very expensive, and, having less, good 
fighting qualities, would have her sphere of additional usefulness limited 
to serving as a transport. A smaller and cheaper fighting ship, able to 
make only thirteen or fourteen knots in ordinary weather, instead of 
eighteen, could keep the seas for an extended period, possess handiness 
and a powerful battery, and also be able to overhaul ninety per cent. 
of the steamers now afloat. Moreover, those large and extraordinarily 
fast vessels, which, by the way, are mostly owned by one nation, 
whether employed as transports or supply vessels, would be apt to 
proceed under couvoy if we were known to have vessels able to catch 
them. And if we had them the world would know it. 

A modification of our present navigation laws would do much to- 
ward putting this question to rest. Far be it from our desire to dis- 
cuss a matter that has assumed a political aspect of such serious im- 
port as to have been extensively shunned in the late presidential cam- 
paign. But were Congress to take the step of admitting foreign-built 
vessels to American registry, even under certain restrictions, not only 
would our mercantile steam marine receive a most invaluable impulse, 
but in the event of war our commerce destroyers, transports and des- 
patch-boats would be in commission and practically equipped for this 
work, as they already are in other countries. With this in view, the 
thoughts of no one would revert to the idea of building men-of-war for 
other than fighting purposes. 

By occupying the great maritime highways, encountering the enemy 
there, and striving to eusure safety for the carriers of our national and 
private property, the cruisers would perform the most important ser- 
vice that could be asked of them. They should have the power to es- 
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cape from a superior enemy, overhaul an inferior, and, with the help 
of Providence and stout hearts, capture or sink an equal. 

How many of the vessels of other nations should be allowed to be 
superior is a practical question, depending upon the skill of our con- 
structors and engineers and the liberality of Congress. Cruisers can 
be built carrying heavy armor and guns, and possessing great speed 
and enormous coal capacity. Such vessels could catch merchantmen 
and capture cruisers, but it would be using razors to cut blocks, a rath- 
er expensive waste of material. Most of the soi disant sea-going iron- 
clads of Europe can undoubtedly keep the high seas, but not many will 
even be given that duty. It would cause their enemies too grim a sat- 
isfaction. 

There are what are called armored cruisers, that is, vessels with suf- 
ficient thickness of metal at the water-line to keep out projectiles thrown 
by guns usually met with at sea. But their number is not great, and, 
according to present appearances, will not probably be increased. The 
expense of armoring vessels, combined with the detriment to other 
fighting qualities consequent upon the increased weight, is hardly com- 
mensurate with the advantages of so protecting them, if intended for 
work in distant seas. Devote the weight of the plating to a more 
powerful engine, greater coal supply and heavier battery, and the re- 
sult would be a cheaper vessel, perhaps quite as useful. A vessel of 
this kind can successfully perform ali services required of a cruiser, 
and, being less expensive, is in every respect of the type best suited to 
the probable wants of our navy. 

As all the varied requirements of a war vessel conflict materially, 
both in the design and construction, it is a knotty point to decide to 
which should be given the greatest development. The prime elements 
of success are: speed, handiness, or ability to manwuvre rapidly under 
all circumstances of war, wind, or weather; power of self-support, 
that is to say, large capacity for stores, especially coal, and ability 
to economise the latter by the use of a full spread of canvas ; the most 
effective offensive power. The words most effective are emphasized as 
in contradistinction to the often demanded greatest offensive power. 
The defense will rest solely in her power of offense, supplemented by 
perfected internal arrangements of wate .ight compartments and plac- 
ing the machinery as low as possible. 

It seems rather unnecessary to discuss the importance of speed in 
naval battles. Suffice it here to weigh upon the facts that in fleet en- 
gagements the motions of all must be regulated by that of the slowest 
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vessel, either in proceeding to a point of attack, carrying out a plan of 
action, or frustrating an apparent plan of the enemy. In duels it is 
equally desirable, to risk or avoid action, to force action at whatever 
range may be most advantageous for a particularly constituted battery, 
or for extrication from an awkward position due to accident or ill- 
judged maneeuvering. 

The main difficulty encountered by the naval engineer in construct- 
ing engines of a required power is in the necessity of occupying as 
little space as possible in every direction, especially the vertical. 
Space is required for the crew, stores, ammunition, and coal, but para- 
mount to all in an unarmored vessel is the absolute necessity of keep- 
ing the engines and boilers well below the water-line. This compact- 
ness is only obtained at the cost of a less economy in the application 
of power, which results in a greater consumption of fuel and the stow- 
age of a correspondingly larger supply. In a heavy vessel not only is 
it a more simple problem to keep the machinery below water but the 
available space for coal is proportionately greater. The point to de- 
termine is that at which concessions to speed cease to be commensurate 
with the advantages. 

For vessels whose occupation is simply in carrying cargoes between 
ports of a known depth, there now seems no immediate check to growth 
in size and engine power. The Great Eastern, prematurely built, will 
probably soon be matched, and many are the clairvoyants that tell of 
speeds to come far surpassing anything now known. With men-of- 
war it is different. If too large and unwieldy they lack that great 
quality of handiness so essential in action. If two expensive we can- 
not build enough, and would risk too many eggs in one basket. 

In countries where the experiment has been tried, a very large size 
is looked upon with less favor now than at first. In this country, per- 
haps more than in others, does it seem desirable to fix a limit. Not 
all possible enemies have these ocean race boats, and, in the impossi- 
ility of foretelling from what point of the horizon the next war-cloud 
may approach, it behoves us so to organize and construct our modest 
fleet as to make the best of any circumstances that may arise. 

Reviewing then our peculiar circumstances of smal!ness of appropri- 
ations and comparative isolation from scenes of diplomatic embroglio, 
we incline to making no greater concessions to speed than are necessa- 
ry to ensure maintaining a steady rate of thirteen knots an hour for 
several days uninterruptedly, which will admit of perhaps fourteen 
over the measured mile. If in the space and for the same consumption 
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of fuel we can by mechanical skill obtaia better results, so much the 
better. But that figure, while putting us at a very slight disadvantage 
if pitted against one or two particular nations, will leave us superior to 
the rest ; and in the interim of peace our country will be better repre- 
sented throughout the world, our commercial and other interests better 
served, the professional training of our personnel more surely perfected, 
and hydrographic work more extensive!y carried on by a certain 
number of such vessels than by a less number of faster ones, 

Apart from the question of length and bulk, the handiness of a ves- 
sel is intimately connected and conflicting with the speed, in that it is 
best obtained by moderate proportions of length to breadth. In one 
direction the extreme ratio of eleven or twelve to one has been reached, 
in the other a nearly circular form still claims its advocates. Accept. 
ing the evidence of things seen we find proportious of 5 or 54 to one 
have survived, as combining to the most satisfactory degree the two 
qualities we are discussing. With this shape a speed of fourteen knots 
can be obtained with a circle of evolution not disastrously great. 
Strength is also ensured, and good behavior in heavy weather. 

In this connection it is important to decide upon the application of 
the propelling power. A twin-screw ship is well known to turn in a 
less space than a single screw. The farther,advantages of the former 
lie in the facts that two engines in place uf one would have to be dis- 
abled in order to cripple the ship; that the rudder and all the steering 
gear may be shot away, and the vessel be still quite manageable; and 
that the two screws give the best speed for the same expenditure of 
power. ‘This last seems quite susceptible of explanation if we consid- 
er that the distance of the propellers from the run and deadwood al- 
lows them a freer supply of water and causes a less decrease of pres- 
sure under the stern, which is of course tantamount to a less increase of 
resistance under the bows. Taking the ratio of the indicated horse- 
power to the two-thirds power of the displacement as an index of the 
relative economy, Mr. W. H. White, in his Manual of Naval Archi- 
tecture, states that “ when steaming at a uniform rate of fourteen knots, 
the average ratio for the single-screw ships is about 17.5 as against 15.5 
for the twin-screw ships, or about 11 per cent. ‘n favor of the latter.” 
The conclusion was arrived at after experiments carried on with vessels 
of the English navy, where even despaich-vessels are now being thus 
engined. 

Over there also two-bladed propellers, capable of being lifted, have 
been successfully used, while in our service they seem to have lost 
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favor despite their many advantages. Whatever may be the merits of 
the case in single screw-ships, it is impossible, of course, with the 
double screws, to do better than let them revolve when under sail. 
But the good points cited above in favor of the latter, coupled with 
the freedom to have a longitudinal strengthening and water-tight 
bulkhead, ought surely to override the objections that they cannot be 
lifted and that they are somewhat more liable to injury from contact 
with wreckage or a friendly wharf. In action there is no question 
about it. The saving of perhaps fifty yards in the diameter of a circle 
of evolution may win the day, and we are not so rich as to afford to 
have one kind for service iu peace, and another for fighting. A peace 
navy is an absurdity. All our vessels should be designed to give and 
take hard knocks, and the harder we give them the less hard we will 
get back. The twin-screw ship can unquestionably give harder knocks 
than the single screw. 

The greater or less power of self-support at sea is in some respects a 
matter of detail rather than of type. Additional coal-bunkers may be 
put up at any time, regard being only had not to sink the vessel be- 
low her intended lines. If full-rigged, as all cruisers should be, so as 
to make good progress under sail, and to stay and to wear, it would 
simply lie with the commanding officer what top-hamper to strike in 
the event of encountering an enemy. For ordinary service full sail- 
power should be available, for the double purpose of effecting import- 
ant economy and of affording instruction and exercise to the crew. A 
good man-of-war sailor is “handy” at anything, from a sail-needle 
toa 100-ton gun, and this is mainly due to his varied occupations and 
exercises. We should not lose sight of it in preparing his home. It 
is certainly noticeable, as a rule, that the most cheerful, contented, and 
healthy men are found in “ smart” ships. 

Finally come we to the interesting question of the most effective of- 
fensive power. In the selection of the battery we must again be guid- 
ed by what service is expected of the ship. Armored vessels destined 
to fight walls of iron, stone, or earth must have heavy orduance to ac- 
complish anything. The guns of the Huascar in her engagement with 
the Chilian fleet were not any too powerful. But in that vessel’s pre- 
vious bout with the Shah and Amethyst, the same weight of metal 
vested in a greater number of smaller guns (protected from gatling 
fire) would have increased her chances of success. 

In the absence of farther actual illustrations, let us suppose a vessel, 
T’, armored to fight the Trenton and precisely similar to her in pons 
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of speed, size, and handiness, and carrying the same four 8-inch rifles 
forward and one aft, but with ten of our old 9-inch smooth bores in 
place of the remaining six rifles. On sighting her enemy T’ would 
immediately seek close quarters, and being of the same speed, could 
not be well denied it entirely. While approaching, her four rifles 
would match the Trenton’s battery, aud at close quarters the five nine- 
inch shell would have greater effect than the three eight-inch hurled at 
her. The greatest distance that the Trenton, by the best mancuvring, 
could refuse T’ would be the diameter of their circle of evolution. 
What that diameter is, is not exactly known to us, but it should not 
be over four hundred to four hundred and fifty yards, and at that 
range the greater number of larger though lighter shots would out- 
weigh disadvantages incident upon the win. 

In this case it would seem that smooth bore guns would have the 
best of it. But in the impossibility of being confined to certain cases 
in war, it would be wrong to put any but rifled ordnance in a cruiser. 
Were T, armed with ten eighty-pdr rifles in place of the smooth bores, 
her efficiency for ordinary service would be greater, as she might have 
to do with a faster vessel, or with one lightly armored. But while the 
guns used in,chase or retreat should be heavy so as to be effective at 
long range, it seems desirable for the general purposes and probable 
circumstances of a cruiser to multiply the number of broadside shots 
at the cost of weight in the projectile. This seems to have been recog- 
nised in arming one of the most powerful vessels now afloat. The Am- 
iral Duperré carries fourteen 54-inch rifles mounted in broadside, be- 
sides the 134-inch barbette guns. The vulnerability at the water-line 
of some recently built iron-clads may farther point the moral of that 


- tale, and peppering the hull with a number of small shell may some 


day put the saving power of cork to a severe test. 

Whatever the calibre of the guns, they should load at the breech. 
Increased power and precision, as well as protection to the loaders, are 
arguments to which all ordnance officers, however conservative, have 
had to bow, silenced if not convinced. 

W hat is sometimes considered a disadvantage in thus increasing the 
number of guns, is that it also increases the number of men needed to 
work them. In some vessels that certainly is a tenable position. In 
the breastwork monitor, propelled entirely by steam, armed with guns 
worked by hydraulic power, built and commissioned solely for offensive 
warfare against ships or forts, the crew should be reduced to a mini- 
wnum. 
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In a cruiser, whose multifarious duties include the training of sea- 
men, surveying, manning prizes and sending boat and landing parties 
to the shore, it ceases to be an objection, and assumes the character of 
adesideratum. The increase in the number of men on a gun deck 
would barely be sufficient to warrant fears of a slaughter, unless they 
are exposed to Gatling fire. The machine-guns of recent invention 
have practically sealed the doom of the wide pivot ports universally 
found in our vessels, and as emphatically point to the necessity of pro- 
tecting the crews of broadside guns, as well as the officers on the bridge, 
from the fire out of the enemy’s tops. In other words, a spar deck 
should be adopted whenever practicable, apart from the benefits of hav- 
ing room to work while exercising or clearing ship for action. With 
that and the ability to load at the breech instead of the muzzle, the 
guoners would be practically free from small iron annoyance. The 
commanding officers will have to be provided with rifle-proof screens 
or pilot houses on the bridge. 

An additional weapon of offense is found in the ram. That method 
of attack is as old as the hills, and the weapon interferes less than any 
with other qualities. In view of the possibility of the enemy’s being 
armored, or perhaps having an iron or steel deck just below the water- 
line, it is necessary to deliver the blow under water. Great length of 
spur seems undesirable because of its consequent weakness and liabili- 
ty to be wrenched off, and because it is not generally necessary to pierce 
far into the body. Should the rammed vessel have a double bottom, 
the inner skin will seldom be over three and a half feet from the out- 
er; and a six foot spur would seem ample to do great injury, and can 
also be made very strong. Should she be armored under water a 
depth of eight feet will suffice to clear it. 

As for torpedoes, after a life of one hundred and four years they are 
still said to be in their infancy. The Harvey has been given up in 
despair by its staunchest advocates. The spar-torpedo, occasionally 
terribly successful when fitted to a small vessel especially built for it, 
is but a cumbrous nuisance in a large ship, and, with gear shot away 
by Hotchkiss or Nordenfeldt guns, is apt to prove a dangerous ally. 
The safest weapon is that which is least apt to ‘return to its fold.’ The 
Whitehead now seems to givethe fairest promise, although only a small 
percentage of its trials have resulted in injury to the object of its at- 
tentions. In the absence of proof we can but accept promises, snd 
with submarine warfare in its present stage it is advisable to fit ocean 
cruisers with tubes for discharging the Whitehead torpedo. 
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The type and general features of the vessel being decided upon, one 
item remains to be considered, which, although not affecting her imme- 
diate behavior under fire, is most important in the one thing that 
touches us to the quick. That thing is economy. The item is the 
material of which she should be built. Wood, iron, or both? Which 
shall be used ? 

A glance at statistical tables of cost of repair will perhaps be a more 
forcible argument than any against the farther use of wood. Cheap 
vessels we certainly must have, and when, by the use of metal, cheap- 
ness may be obtained in association with equal or greater strength and 
greater lightness, building vessels of wood seems no longer defensible, 
The immensely strong hull of the Devastation weighs. including the 
superstructure, less than thirty one per cent of the displacement, while 
in some old wood built armored ships the weight of the hull exceeded 
the weight carried. In the modern swift cruiser class the figure is 
about the same in the two cases, owing to the additional weight of wood- 
en sheathing. 

In the matter of fostering and developing our home industries, we 
would be guided toward building our national vessels, or at least their 
frames, of iron and steel. 

To go somewhat into details we find that the advantages of an iron 
hull over a wooden one are: cheapness of repair, greater durability, 
increased lightness combined with greater strength. Disadvantages: 
more easy penetration of the bottom on taking the ground. fouling, 
greater discomfort and unhealthiness in a tropical climate, the shattering 
effect of projectiles. The fouling is best prevented, and the inconvenience 
and expense of frequent docking saved, by sheathing in wood and cop- 
pering. This is, unfortunately, open to the objections of materially 
increasing the weight, and in case of injury to the bottom, of probably 
admitting contact or galvanic connection between the two metals, under 
circumstances that might forbid examination and remedy, on the other 
hand, that system of protection, when carried up above water has the 
double advantage of making the vessel more comfortable and more 
healthy in very high or very low latitudes, and of diminishing the dan- 
gerous splintering in action. Now that rifled ordnance is in general 
use, this last objection obtains to a much less extent than when the 
blows were from spherical shell moving with a lower velocity. But it 
is still a point of some importance, and is best met by spacing the frames 
and sheathing the plates. 

On examination of these various pros and cons, it quickly becomes ev- 
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iient that all the advantages arise from the iron framing, and the incon- 
yenience from the iron skin. This suggests a composite build. 

The difficulty in properly fastening wood and iron, and the fear of 
not obtaining equal structural strength, lead to hesitation in clothing 
the frame in wood. These are practical questions of mechanical skill 
and may perchance be solved satisfactorily. The expressions “good 
enough,” “strong enough” have a slouchy sound, seeming to indi- 
eate a sort of careless self-sufficiency. But that such a thing is possi- 
ble as to make a framework stronger than is necessary has been proven, 
notably in the original design of the marine ram proposed by Admiral 
Ammen. In that case eight longitudinal girders were discarded as 
superfluous. 

The tensile and vompressive strength of wood being so inferior to 
that of iron, and the effective sectional area (after driving bolts and 
rivets) of the planking being only about five-sevenths as great in pro- 
portion as that of the plating, there is no disputing that the former 
will contribute less than the latter to the general strength of the fabric. 
In vessels where the proportions of length to breadth are greater, and 
the natural strength consequently less than in the case under discussion, 
and when the number of horses’ power required is nearly double the 
number of tons displacement, every detail must look to rigidity and 
strength of hull. According to receat reports, even the steel‘ frames 
and skin of the Iris seem none too strong to stand the vibration caus- 
ed by the development of such immense power. Not aiming at her 
marvellous speed, however, we will find a more moderate strength 
ample for our purposes, with the help of a longitudinal bulkhead, 
longitudinal frames, bilge kelsons, and string and shelf pieces, it seems 
quite possible to produce a rigidity equal to any demand in a vessel of 
the dimensions and speed here proposed. When, as stated by Mr. 
Reed, late Chief Constructor of the British Navy, a saving of one 
hundred and fifty tons weight could be effected in a mail steamer of 
twenty-seven hundred tons, by making the transverse frames subordi- 
nate to the longitudinal, it is certainly rational to expéct, by developing 
longitudiual frames in combination with the ordinary transverse ones, 
an increase of strength sufficient to supply that of the iron skin. 

By this composite build, then, we can secure economy and facility 
of repair, less liability to injury from grounding, less deadly effect 
from splinters on being struck in action, and, thanks to the non-con- 
ducting properties of wood, less cold in high latitudes and less heat in 


the tropics. The danger of imperfect insulation between the iron and 
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the outside copper is not so great as in the first days of this style of 
construction, and certainly less so than when an immense surface of 
plating lies hid. The experiment tried in a vessel recently built for 
U. 8. Fish Commission, if successful, will show that by the use of rub- 
ber washers driven over the bolt-heads, one course of planking may be 
made ¢ffective. But whether one, two or three courses be laid, whether 
they be worked longitudinally, diagonally, or vertically, whether muntz 
metal or iron bolte be used, and whether the outside sheathing be 
of copper or zine, are minor points hardly within the limits of our dis- 
cussion. 

Suffice it to present the following broad features of the cruiser suit- 
ed to our present, and probable future, needs. 

A composite-built hull, (iron, or steel frames, keelson and keel-plate, 
with wood keel and planking) with proportions of about five and a 
half to one of length to breadth, and laid down for a speed of fourteen 
knots. Displacement twenty-five hundred tons, or approximately that 
of the Benicia class, but with lines similar to the Swatara, which vessel 
has not her superior in behavior at sea. The engines to be compound, 
of sufficient power to drive the vessel fourteen knots an hour under 
favorable circumstances. They will be applied to twin screws, and it 
is recommended that they be provided with valves to admit of working 
them as simple engines, if desired, and that they have independent cir- 
culating pumps. Apart from their superiority per se there is a feature 
of these independent pumps that is well worth considering, viz: that 
they do not betray to an outsider the fact of the engine’s having stop- 
ped or started, as is done by the out board delivery when they are con- 
nected with the engines and haye to stop or start with them. On 
more than one occasion in our experience has the avoidance of collis- 
ion been facilitated by thus knowing that the stranger had stepped. 
Desirable in a friendly meeting this would be the opposite in action, and 
it might be important to deny the enemy a knowledge which would 
dictate the way to put the helm in an attempt to ram. 

The boilers should be fitted with automatic valves to prevent the 
flow of steam from one to another in case of injury by shot or other- 
wise. They must also be protected by coal laterally and from forward. 

The battery, which is to be on a covered deck, will consist of breech- 
loading rifles ;—two eight-inch in chase, and one of the same calibre aft, 
with eight six-inch in broadside. These, of course, will be supplement- 
ed by the usual machine guns for use aloft or on the rail. 

The ram will not be a spur pointing forward from the body of the 
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vessel, but of such shape that the lines of the vessel will commence at 
its forward edge, as nearly as practicable, for the sake of strength and 
buoyancy. Above water the bows will continue to recede slightly as 
in the Alarm, though to a less extent, so as to throw the weight of the 
bow-chasers aft, and make the vessel lift more easily and ride drier in 
a head sea. The point of the ram should be about ten feet under water 
and eight feet forward. At the stern appearances must be sacrificed, 
and the counter brought well down so as to conceal if not protect the 
rudder- head. 

In the matter of sails, a full ship-rig to royals should always be giv- 
en a vessel of this size. The head-booms must be arranged to rig in 
and out easily. 

Without going into minute details of what longitudinal framing is 
desirable, we will simply weigh upon the propriety of having stringer- 
plates or shelf-pieces on all the decks, but more especially on the berth 
deck where the greater force of a blow is apt to come in collision. In 
the absence of a heavy iron deck, which is one of the best protections 
against ramming, its properties would be partially found in a broad 
shelf piece just below the water line. One longitudinal bulkhead, ex- 
tending from the stern port to the point of the ram, and seven or eight 
transverse, all water tight, will add greatly to the structural strength 
and permit of isolating damages received. Farther water-tight sub- 
division in coal bunkers and elsewhere should be effected when prac- 
ticable. 

Smaller vessels than what we have proposed may be needed for 
special duty of various kinds, but they should constitute a separate 
class. The cruiser for ordinary service in peace or war should not be 
tampered with, nor attempts made to include such special work in 
their capabilities. 

It would be well to build one in every four or five of a larger size, 
like the Trenton, to replace gradually our present flagships. These 
would be on the same general model, possessing perhaps a little better 
speed, and armed like the Trenton with the exception of the six eight- 
inch broadside guns, for which would be substituted ten six-inch. 

The salient points of the type given, to which objection might be 
made, are the limited speed (probably thirteen knots for a steady rate 
at sea) and the light battery. It may seem that a faster steamer 
armed with a few guns of heavier calibre, would have our vessel at its 
mercy by keeping at such a distance as to leave only the heavy guns 
available. That is not so easy to do if our vessel keeps heading 
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straight for her adversary. Moreover when the distance of the target 
is greater than the ordinary range of our eight-inch rifles, the probability 
of hitting is very small. Still, let us suppose that the superiority of 
the faster vessel’s range is a thousand yards. If the other keeps steer- 
ing towards her, she must take to her heels to mainta'n a proper dis- 
tance, and either be content with using her stern gun, or else make an 
occasional sheer to bring her broadside to bear. In the days of sailing 
ships the advisability of Inffing to deliver a broadside in chase was a 
mooted point, even when the number of guns was so great, and the 
target, including a broad expanse of spars and sails, so tempting, 
Much less would it seem advantageous where the target is so small, 
the number of guns so much less, and the distance so much greater. 
In the case supposed the slower vessel advancing steadily at the rate 
of thirteen knots would make the thousand yards in less than two and 
a half minutes, which is not much time to bring by, point and fire at 
the bows of a vessel nearly two miles off, and head away again. The 
thirteen knot vessel would be pretty sure to get within the range of 
her two bow guns, and would then have the broadside of her antagon- 
ist for a target and the advantage of firing in a direction least influ- 
enced by the roll. 

It is practically impossible for a vessel having even two knots better 
speed to remain out of range of light guns, and yet, by estimating the 
distance, be within the range of her own heavier ones. Advantage in 
speed, if not nullified by unwieldiness will certainly promote success 
ful manceuvring when engaged, and our cruiser may not pretend to 
withstand everything afloat. Skirmishers do not generally attack forts, 
though the necessity of that deployment is none the less recognised in 
military operations. Our breastwork monitor, too, may be overmatched 
by « leviathan clad in two and three feet of iron and steel, and hurl- 
ing projectiles that weigh a ton or more. Both might succumb) in an 
unequal contest. But they will rarely have such odds. And it is 
thought that the ove and the other will give a good account of them- 
selves under any circumstances, for the spirits that move them will 
have recognised the truth of the motto that guided us in attempting 
this essay. 









































PROFESSIONAL NOTES. 


These Articles have not been read before the Institute, but are inserted 
by direction of the Executive Committee. 


REPAIRING A BROKEN CRANK WITH WIRE ROPE. 


The following description of the temporary repairs made to the 
broken cranks of the U. S. S. Pensacola, by Passed Assistant Engineer 
Geo. W. Stivers, U. S. N., is interesting in showing what may be done 
with wire rope in the way of repairs on shipboard. 

“The after crank of the forward engine only is shown, this one hav- 
ing been broken entirely across, but the plan adopted in banding both 
cranks of the after engine, which were broken nearly across, was pre- 
cisely the same. The crank shaft and cranks were in one solid forging, 
and the fractures, were directly across the bodies of the cranks, between 
the crank pins and the shaft, as if following the plane of contact of 
fagots used in building up the cranks in the smithery. 

For several months the existence of a very slight crack in the after 
crank of the forward engine was known, but frequent examinations 
failed to show any extension, and it was considered simply a surface 
flaw of no great consequence. 

At about 5 P. M., June 18th, the ship being on her way from San 
Francisco to Puget Sound, it was found that this crack was extending 
rapidly. The weather was fine, sea smooth, and, with square sails set, 
the engines were slowed down, while preparations were made to 
strengthen the crank by temporary bands, so as to reach Victoria where 
it was expected that a heavy band could be forged and shrunk on, 

The only iron that could be worked on board ship was a piece three 
and seven-eighths inches wide and three-fourths inch thick, and it was 
proposed to make of this two bands to embrace the crank side by side 
and to be set up by two 1-inch bolts on each side, passing through 
lugs formed by bending up and thickening the ends. The strength of 
the bands as straps was therefore only that of two 1-inch bolts, and 
their utter insufficiency was evident. 
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At about nine o’clock that night the crank had broken entirely 
across, but as the two parts moved together as usual, the irregular 
surfaces of the break and the long forward journal preventing their 
separation, the engines were kept slowly revolving until noon of the 
next day, when the plan of iron bands was abandoned, before being 
carried out, in favor of that which I had proposed, and the engines 
were stopped to allow its application. 

Ten gutter pieces or shoes were made of an old iron grating and 
placed equidistant about the crank in order to keep the bottom turns 
of wire rope from spreading apart, when the riding turns came to be 
put on over them. The shoe at the extreme end and that on the butt 
of the crank only were secured in place by a small bolt through the 
center, the other shoe being held in proper position by hand until 
bound by the first turn or two of rope. Into the hubs of the crank a 
bolt one inch in diameter was tapped, to which the end of the rope was 
secured, and the work of wrapping the crank consisted simply in pass- 
ing the wire rope continuously around the crank, hauling each turn 
taut by means of a heavy deck tackle passing down through the en- 
gine room hatch, and seizing each turn securely to the one immed- 
iately preceding it before slacking off the tackle. It was estimated 
that a tightening pull of about two tons was brought on each turn of 
rope, and the seizing of the separate turns having been done very ex- 
pertly, there was no slacking back of the wire rope during the progress 
of the whole work. 

In this manner eleven turns of the rope were put around the crank 
side by side, just filling up the space between the jaws of the shoes, 
then over these were put the riding turns, and over these again nine 
more riding turns, making altogether thirty turns of wire rope en- 
circling the crank. The finishing end was simply passed around the 
banding at one of the shoes and stopped as shown in the sketch. 

The wire rope used in this work was of nine-sixteeuths inch diameter, 
consisting of five strands of seventeen wires each, arranged about a 
central hemp core of three-sixteenths inch diameter, the wires being of 
number nineteen wire guage. The work of banding this crank was 
completed in seven hours, and just as it was finished, it was found that 
both the cranks of the after engine were broken nearly across, the 
cracks extending entirely through each crank and to within about an 
inch of each side in about the same direction and relative position as 
in the forward crank. This discovery caused the abandonment of the 
attempt to reach Victoria, the ship was headed to the southward with 
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the intention of returning as best we could to San Francisco under 
sail, and, the banding of the forward crank having been so satisfactorily 
accomplished, it was decided to strengthen the after crank in the same 
manner, so that the engines might be used in case of emergency. 

This was done and, when about two hundred miles from San Francisco, 
the wind blowing lightly from ahead and sails being useless, the engines 
were started and worked continuously without stopping for over forty- 
five hours until the anchor was dropped in the harbor of San Francisco. 
During this time forty-five thousand eight hundred and thirty-five 
revolutions were made, an average of 16.85 revolutions per minute, 
and an average speed made of 4.41 knots per hour under steam alone, 
The next day the ship was steamed up to the Mare Island Navy Yard, 
26 miles from San Francisco, the engines being stopped and started 
seventeen times during the run to allow target practice, and upon ar- 
rival at the yard the rope banding was found to be as firm and unyield- 
ing as when first put on the cranks. 

The speed at which the engines were run with these fractured cranks 
was low, for the weather was fine and no necessity required the taking 
of the least risk; the initial pressure above zero on the pistons was 
twenty pounds, cutting off at nine inches, there being two cylinders 
sixty inches diameter and thirty-six inches stroke; yet it is evident 
from a calculation of the strength of the banding on the extreme after 
erabk which transmits the power of both engines and which would 
have been strengthened if more wire rope had been at hand, that a 
considerably greater speed could have been safely attained. 

The gutter pieces or shoes were, it will be seen, indispensable to the 
successful application of the wire rope banding, for they prevented the 
first course of rope from spreading under the pressure of the riding 
turns; they allowed the driving of iron wedges beneath them without 
injury to the rope, in case it should become slack and require tighten- 
ing and they permitted the passing of the end of the rope between the 
crank and the whole banding so as to secure it firmly. 

I expected that the wire rope would, in a short time stretch, and had 
intended therefore to first drive wedges under each shoe, nipping the ends 
over the edge of the crank, and then to drive all around, under the 
rope banding, dry pine wedges which would be swelled by the water 
used on the crank pins, but there was no necessity for any wedging up 
whatever, and perhaps would not have been, had the engines been 
in operation a much longer time than they were. The shape of these 
cranks made the application of the banding quite a simple matter, but 
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I apprehend it would not be very difficult to adapt such a system of 
wrapping with wire rope to a crank of any shape whatever. 

I do not think the idea has occurred to engineers generally that they 
have in wire rope such a ready and effective means of temporarily re- 
pairing damages to engines at sea. Many repairs that are now made 
with straps or bands hastily constructed under the disadvantages al- 
ways attending smith’s work on board ship can be much more quickly 
and easily made by a few turns of wire rope. The ease and facility 
with which repairs can be made with wire rope commend it to engi- 
neers and steam ship owners as a part of the necessary outfit for steam- 
ships. This material may yet be the means of repairing the broken 
shaft of a steamer, so that she will be able to steam into port at a 
moderate rate of speed. 

In the case of repairs to a broken shaft, the ends of the rope could 
be secured to the back of square pieces of iron, with holes to pass the 
rope through ;—passing the turns around the shaft, and securing the 
other end to the other part of the shaft in a like manner; the square 
pieces to be recessed inio the shaft as a key and secured by tap bolts 
to hold them securely to the shaft; for backing, there must be layers 
of rope wound around the shaft in the opposite direction. 

J. C. Karer, P. A. Enenr., U. S. N. 
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BOOK NOTICES. 


Notices and reviews of professional publications may be inserted under this heading, pro- 
vided a copy to be deposited in the library of the Institute is sent to the Corresponding Sec- 
retary. All reviews must be signed by the reviewer. 

NAUTISCH--TECHNISCHES WO6rTERBUCH DER Marine, by P. E. 
Dabovich. Published by the editors of the Mittheilungen aus dem 
Gebiete des Seewesens, Pola, Austria. 

The Institute is indebted to the courtesy of the publishers for a copy 
of the sixth part of this nautical technical dictionary. According to 
the prospectus the first volume is to give the terms in German, Italian, 
French and English, and also in Italian, German, French and 
English. It is to be issued in about twelve parts (Lieferung) 
of eighty pages each at a cost of two marks each. In the prep- 
aration of this dictionary the latest naval works and the official pub- 
lications of the naval departments of these countries have been 
consulted. In English, for example, some of the authorities cited are 
Capt. Nares on orthography of Naval terms; Reed, Rankin and 
White on naval architecture and machinery ; Lloyd’s Rules ete. The 
German and Italian words are introduced in alphabetical order and 
are distiguished from each other by the type, full-faced type being 
used for the German words and italics for the Italian. The typo- 
graphical execution is excellent, the paper being good, the type clear 
and the form of the volume convenient. The field which this diction- 
ary seeks to cover being comparatively narrow it admits of greater 
fullness, and on comparison we find that while this work devotes seven- 
ty-nine pages to words from El to Fr, von Albert’s Technologisches 
Worten-buch gives but forty-three pages of the same size to this di- 
vision. The rules of the road are given at length under their appro- 
priate heads. It would be manifestly unfair for us to pass judgment 
upon the whole work from the part before us, yet we cannot refrain 
from calling attention to the fact that many of the English renderings 
while literal are not idiomatic, that numerous errors in orthography 
are committed, and that occasionally French words are used in English 
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sentences. Some examples of the first are der Hochofenguss rendered 
Iron cast out of the high-furnace; der verdiichtige Gesundheitspass, 
touched bill of health; Fensterschiebe, glass square; Feuerwirkung, 
performance of the fire; die Eisentheile zur Leitung des Tauwerks, 
iron works for leading the ropes; and unter Hand fieren, To ease off 
hand under hand. Examples of the second errors are; serge of the 
cable ; afriction, pledgeds ; heckled and speckless. As this work must 
be of value to all Engiish speaking officers it is to be hoped that the 
future parts may be revised by some officers, whose mother tongue is 
English, before publication. 

ALMANACH FiiR DIE K. K. KRIEGS-MARINE, 1881. New series, Ist 
year. Published by the editors of the Mitthetlungen aus dem Gebiete 
des Seewesens; Pola. 

From the same source we have received a copy of this admirable 
little pocket book containing a register of the Austro-Hungarian navy, 
pay tables, extracts from the laws and regulations for the navy, tables, 
a formula for use in navigation and descriptions of the methods em- 
ployed, useful tables upon the consumption of coal, the calorific power 
of coal, strength of material, dimensions of ships and machinery, 
electrical tables, tables of time, money, and measures, tables of the na- 
vies of the world and their armaments and armor, and many other use- 
ful tables making it a valuable pocket compendium. It is amusing 
to find at the end of the table devoted to the United States Navy, 
“that all data upon the American Navy is little to be depended on.” 
C. E. Monrog, Pror. U.S. N. A. 
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ARMY AND NAVY MAGAZINE, Jan., 1881. (Naval articles). The 
Russian Navy, the story of the cruisers. Naval artillery. The De Bay 
propellor. 

Marcu, 1881. The Russian fleet in Central Asia. 

COLBURN’S UNITED SERVICE MAGAZINE, Jan. 1881. (Naval arti- 
cles.) The progress toward a written law of war. The Argentine ar- 
mor-clad corvette Almirante Brown. Critical Notices. 

Feprvuany, 1881. The Atalanta report. The Russian Imperial yacht Liva- 
dia. Soldiers and sailors and their wills. Editorial and critical notices. 
Marcu, 1881. The condition of our fighting forces, with suggestions. H. 
M. S. Resolute, a true story of the Arctic Regions. Shipping bounties. 

Editorial Notes. 

COMPTES RENDUS. VOL. XCI, NO, 16. Admiral Mouchez commends 
the accuracy of Lt. Comdrs. Green and Davis, in their determinations, 
by telegraph, of some of the priucipal longitudes on the coast of Brazil. 
He was himself charged, in 1860, with the task of determining the hydro- 
graphy of Brazil and La Plata. In the performance of his duties he 
made a large number of astronomical observations, which accorded so 
closely with previous records that he affirmed in his report that the longi- 
tudes were known with nearly as great accuracy as those of the 
great observatories of Europe. The French astronomers, however, dis- 
credited his results and adopted values about 30 seconds greater. The 
American observers have fully confirmed Moucez’s assertions, showing 
that his greatest error was only 2.34 seconds, and in one case the error was 
only five-eighths of a second. Errors of from two to four seconds have 
been recently detected in the longitudes of some of the European ports. 
These comparisons also show the great precision with which longitudes 
can be ascertained by chronometers, when their rates are properly veri- 
fied at the end of every voyage. 

VOL. XCII. NO. 8. Tae Sorar ParRALtax. M. Faye communicates to 
the French Academy of Sciences an interesting paper upon the state of 
our knowledge of the sun’s parrallax. Remarking that there is no other 
constant in nature whose determination depends upon so large a number 
of independent results, he classifies the various values assigned for the 
sun's mean parrallax a follows: 
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’’ by Mars, (Cassini's method). Newcomb. 
’’ by Venus, 1769, (Halley’s method.) Powalky. 
8. a” by Venus, 1874, (Halley’s method.) Tupman. 
8.87” by Flora, (Galle’s method.) Galle. 
8.79’ by Juno, (Galle’s method). Lindsay. 


ls 
Mechanical & 81’’ by the lunar inequality, (I. apli wce’s methods). ——. 


Geometrical 
Methods 
§.82// 


Methods 5%.85’’ by the monthly equation of the earth. Leverrier. 
8.83’ 8.83’ by the perturbations of Mars and Venus. Leverrier, 

Physical 

Methods 
8.81// 


: ie by the ve sloc ity of light (Fizeau’s). Cornu. 
(Foucault’s method.) Michelson. 
Faye concludes that the results obtained by the physical methods are more 
reliable than those obtained in any other way, and by adopting the results 
obtained by Master A. A. Michelson, U. S. N., in his determination of the 
velocity of light, the value of the solar parallax 8.813’ is now determined 
to within one hundredth of a second of are. 
EDINBURGH REVIEW. Jan. 1881. The Navies of the World. 
JOURNAL OF THE ROYAL UNITED SERVICE INSTITUTION, NO. 
CVILI. (Naval Articles). The Nordenfelt machine guns (Palmcrantz’s 
system.) Occasional Papers. On the several European a. of 
Naval Education. Under the above title J. K. Laughton, R. N., Math- 
ematical and Naval Instructor at the Royal Nava) College reviews at 
length Prof. Soley’s ** Report on Foreign Systems of Naval Education.” 
He says, “* His investigations appear to have been thorough and search- 
ing, and the report which he rendered to the Secretary of the Navy, now 
published by order of the Senate of the United States, embodies more 
accurate and detailed information, as well as more intelligent criticism 
on the various systems of naval education, than has hitherto been ren- 
dered in any way availiable.” 
* Not unnaturally, the report begins with Great Britain; and, following 
cgrefully the several statements made as to matters of fact, we are struck 
eo the remarkable accuracy of the whole: the very few errors that we 
have noticed are of the most trifling nature, entirely void of significance; 
and if we may take this first part as a guage of the merit of the other 
three, the work stands almost alone as an absolutely correct hist6rical ree- 
ord. Itis as such a gauge that we have used it. We do not propose to 
repeat here the minute details which Professor Soley has given of the 
English system of entry, of service, and of promotion; of education on 
board the ** Britannia” in sea-going ships, and at the College at Green- 
wich. They cannot but be pretty well known to ail readers of the Journal 
who are interested in the subject. But whilst thus omitting the facts, 
we think that the opinions which Mr. Soley has been led to form on the 
several points connected with our system are well worth reproducing, if 
only as the opinions of a singularly capable and we pape tg d fore igner 
free from the trammels of old custom and of national prejudice.” 
In a postscript Prof. Laughton notices the American system of education 
as deduced from the Official Reports of the Secretary of the U. S. Navy, 
from the Registers of the U.S. Naval Academy and from Prof. Soley’s 
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Historical Sketch of the U. S. Naval Academy. His conclusions are ‘*that 
the American system is singular in this; that nominations are given large- 
ly in excess of the requirements of the service; and that the nominees are 
ruthlessly thinned out by a test examination and a course of instruction 
beyond the capabilities of three-fourths of their number. Such a system 
must be exceedingly costly and excessively laborious; it must also tend to 
lower the standard not only of admission but of graduation; and though 
this latter—owing to the riper age of the cadets and the four years’ close 
study at a college on shore—is somewhat higher than the obligatory course 
in our own Service, it would seem to compare unfavorably with that of 
either Germany or France. Whether a competitive examination for en- 
try (as is held for the cadet-engineers), or for passing .out, would not be 
more advantageous is a question which naturally occurs to us, but which 
probably political motives have ted the American Representatives to an- 
swer in the negative. Reviews and Book Notices. *“The War Ships and 
Navies of the World” by Chief Eng. J. W. King, U.S. N. “Navies of 
the World” by Lieut. E. W. Very, U.S. N. Mr. King is already known 
to English readers. ‘two years ago a volume by him on the ‘War Ships 
of Europe,’ was published in his own country and republished in this. 
His present work comprises a survey of every navy in the world. It is 
toa great extent composed of extracts from English newspapers such as 
the ‘limes, Engineer, Broad Arrow, et cet. He has also included in it a 
good deal of intormation derived from official sources and foreign publi- 
catiuns. ‘he bovk isa valuable one. It is usually very accurate, and 
is weil illustrated. Lieut. Very’s work is—as far as ships are concerned 
—less full than the foregoing. its illustrations are rather rude and inany 
of the figures hardly exact. But in the part devoted to the armaments of 
naval States is to be found much information which is, probably, not col- 
lected in any other single volume.” Prize Essay Notice. 
MITTHEILLUNGEN AUS DEM GEBIETE Dis SEEWESENS. VOL. 
IX. No.l. The use of A’istrian steel in shipbuilding. Keport of the 
commission upon the bursiing of the 45cm. Armstrong gun on board the 
Duilio. Description of foreign woods used in the Austrian Dockyards. 
The relative value of guns. Breech-loaders for the U.S. Navy. Produc- 
tion of steel for guns, in Woolwich. Artillery committees in England. 
Repeating rifles. Discharging apparatus for fish torpedoes, by H. Chap- 
man. Protection for torpedo boats against mitrailleuses. Lhe Destroy- 
er. New discharging apparatus for fish torpedoes. Compound armor 
plates in England. ‘Trial trips of the Russian gunboats Doid and Wichr. 
New vessels for the French Navy. ‘rial trip of the U. 5. Mercury. 
Building and trial of H. M. Transport Sea-horse. ‘Trial of the Artillery 
and machinery of the Inflexible. Notes on the English Navy. Smaller 
iron-clads for the Italian Navy. ‘Lhe relation between the French mer- 
chant marine and the French Navy. Lierary Notices. Hydrographic No- 
tices. 
NAUTICAL MAGAZINE. January, 1881. The weather of the autumn, 
Sept.—Nov., 1880. Signalling by means of sound. Grain Cargoes. The 
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new regulations for preventing collisions at sea. Physical examination 
of pilots and seamen in the United States. Correspondence. Marine In- 
ventions et cet. 

Fesruary, 1881. The stability of the Atalanta. The Atalanta Enquiry, 
Hydrographical surveys. Minihoi Island. Rotumah Island. Naviga- 
tion of the Mersey. Decay of American Shipping. Marine Inventions, 
et cet. 

Marcu, 1881. Thames pilotage. French merchant shipping bill. Seas 
between China and Japan. Madras harbor and the proposed canal 
across the Malay Peninsula. The contagious diseases act. Correspond- 
ence, ct cet. 

REVISTA GENERAL DE MARINA. Janvary, 1881. Notes on electri- 
city (continued). Voyage of the “Marques Del Duero” to Siam and 
Anna (continued). Relative importance of broadside and fore-and-aft 
fire, in naval tactics (concluded). Notes on the arrangement of the 
electric light on board vhe frigate Sagemto. Naval Tactics on the open 
sea, with the existing types of vessels and weapons, (Naval prize essay). 
Translated from the Journal of the Royal United Service Institution). 
Operations of the Chilian squadron before Callao. Difference hetween 
the temperature of the air by the thermometer and by sensation. The 
Spanish Society for saving the shipwrecked. Notices. Orders. Movement 
of Ships. 

Fesr sry, 1881. Notes onelectricity (continued). Voyage of the “Marques 
Del Du sro” to Siam and Annam (continued). Guide for manceuvres in 
a hurricane. Economical stores in ships of war. Reform in the colony 
of Fernando Po. Naval Tactics on the open sea, with the existing types 
of vessels and weapons. (Naval prize essay. Translated from the Jour- 
nal of the Royal United Service Institution). Shipwrecks on the coasts 
of Spu.t. Marine life saving Remarks upon the experiments of the 
Aragon. Notices. Orders. Movementr of ships. 

Marcu. Ne‘>: on electricity (continued). Voyage of the ‘‘Marques Del 
Duero” to Siam and Annam (continued). Game of Naval Warfare 
(translation). Remarks on the use of torpedo boats, (Translated from 
the Mittheilungen a. d. Gebicte d. Seewesens). Plating of steel surface 
for iron clads. Physical geography of the sea. The military arsenal at 
Shanghai. ‘The Parlador of Lieut. Pinto.’ Notices. Orders. Movements 
of Ships. 

REVUE MARITIME ET COLONIALE. VOL. 67. 1880. The rolling 
and pitching of ships. New South Wales. De la Bourdonnais’ ex- 
pedition in the Indian Ocean, in 1746. The merchant marine in England. 
Determination of the longitude at sea by the method of equal altitudes. 
English colonies; Leeward, Virgin and Windward Islands. The rdéle of 
artillery in fleet engagements. Statistics of the sea fisheries. China 
and Japan. The Barometric depressions in Europe, from July, 1877 to 
Jan. 1880. The naval war between Peru and Chili. Notes. Bibliog- 
raphy. 
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Proposed ship canal from the Atlantic to the Mediterannean. A family 
in the navy in the 18th century; Beaussier de l’Isle. Helicoidal pro- 
pellers. Notes on waterspouts. English colonies; Trinidad and English 
Guiana. Notes on ramming by ships. Directions for avoiding cyclones. 
The hurricane dromoscope; an instrument for indicating graphically the 
course to be taken ina cyclone. Reviews. Bibliography. 

The Pilecomayo; water route from Bolivia to the Atlantic. Note on the 
Sextant. The Scotch herring fishery, in 1880. Gareis’ universal com- 
pass, translated from the Meittheilungen a. d. Gebiete d. Seewesens. The 
sham torpedo fights in England; translated from the Times. The rela- 
tion between the true velocity of the waves and that observed on board 
a vessel under way. Noles. Reviews. Bibliography. Indez. 

RIVISTA MARITTIMA. Jan. 1881. The new naval constructions of 
the Italian Navy, Part II. Military sea-ports; Constantinople, from the 
Organ der Militdr. Wissenschaftlichen Vereine. Administative regula- 
tions in regard to seamen of the Italian Navy. Naval warfare with the 
present types of ships and weapons; translation of the discussion in 
the Royal United Service Institution. The British Merchant Marine. 
The cellular system of construction for merchant vessels; translation of 
a paper read before the Institution of Naval Architects. The harbor of 
Montenegro. Torpedo-boats. The regattas of the Societa dei Canoitieri, 
at Palermo. Noles. Ships in the Italian Navy, Jan. 1, 1881. Circular of 
the Italian Geographical Society. Notice in reference to the third Inter- 
national Geographical Congress, to be held at Venice in 1881. Collection 
of Italian periodicals at the Milan exposition. Transfers of Officers. 
Officers of ships in commission. 

FEBRUARY, 1881. Fleet engagements in the future.. The enrolment of sea- 
men. The decline of the Italian merchant marine. The changes in the 
merchant marine, and the re-organization of Italian commerce. Notes 
on the construction of yachts. Extracts from English consular reports. 
A letter of Columbus, written to Sanchez, in 1493; with a notice. Notes. 
Bibliography. Transfers of Officers. Ships in commission. 

Marcu, 1881. The ancient and the modern ram. Colonies and emigration. 
Italian consul at the Piraeus. The relation between the true velocity 
of waves and that observed on board a ship under way, translated from 
the French. The elements of naval tactics. ‘The micro-telephone of 
Ader, and experiments on the Turin-Cirie-Lanzo telegraph. Krants’s 
method and tables for the determination of lunar distances. Bayer’s 
diagram for determining elevations and distances at sea. Italian ship- 
ping at Fiume. Extracts from English Consular Reports. John and 
Sebastian Cabot. Trinity House Rules upon Buoys and Beacons. Nogtes. 
Bibliography. Various Publications. Transfers of officers. Ships in 
commission. 

WESTMINISTER REVIEW. Jan. 1881. The progress of ship building 

in England. 
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American Geographical Society, Bulletin No. 2 of 1880. 

American Society of Civil Engineers, Transactions, Jan., Feb., 1881, and 
List of members. 

American Society of Mechanical Engineers. Papers read at First Annual 

Meeting, Nov., 1880, and List of members. 

Architecture Navale—Carénes Rapides. By A. Wazon, Paris. 

Franklin Institute, Journal. Jan., Feb., Mar., and supplement, 1881. 

Institution of Mechanical Engineers, Proceedings, Aug., 1880. 

Mittheilungen aus dem Gebiete des Seewesens, Nos. XI and XII of 1880, 
and I of 1881. Almanach-fiir die K. K. Kriegs-Marine, 1881; new series, 
first part. Nautisch-techniches Worter-buch der Marine, by P. Z. Dabovich. 

Rivista Marittima. Jan., Feb., Mar., 1881. 

Roya! United Service Institution, Journal. No. CVIII. 

Societé des Ingenieurs Civils, Memoires. Dec., 1886, Jan., 1881. 











